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Studies on Epithelial Phagocytosis. -~I. 

By H. M. Carleton, M.A.» B.Sc., D.Phil., Department of Physiology, and 
Sir William Dunn School of Pathology, Oxford. 

(Communicated by Sir Charles Sherrington, F.R.S. — Received November 6, 1930.) 

[Plates 1, 2.] 

I, Introdxiction. 

The observations here described arose out of a research (now in the press) 
made by Florey and myself for the Birth Control Investigation Committee. 
Wishing to ascertain whether aspiration was exerted by the uterus during 
coitus, we injected animals per vagiriam with suspensions of carmine or graphite 
immediately before copulation. When examining sections of the vaginse 
later, I was struck by the apparent inclusion of particles of the injection mass 
in the vaginal epithelial cells. Subsequent study has demonstrated that the 
epithelium of the upper segment of the rabbit’s vagina is definitely phagocytic, 
as the experimental evidence detailed below will show. 

II. Material and Methods. 

The present study is largely based upon a series of 40 rabbits. Two methods 
of experimental approach were used. 

The first and simplest consists of injecting the suspension per vaginam. 
Passage of a fine gum^iastic catheter has, however, disadvantages. Con- 
siderable resistance may be offered, nor does the administration of ether always 
abolish this spasm. Trauma, moreover, is easily elicjited, even with the most 
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careful manipulation. The best method is to inject a large volume of suspension 
through a very short length of catheter attached to a syringe ; in this manner 
any possibility of damage to the upper segment of the vagina is avoided. 

The second method consists in introducing the material directly into the upper 
end of one uterine horn. It is possible iu this way to test the phagocytic 
power of the uterine as well as the vaginal mucossB. Substances injected into 
the uterus are rapidly passed down it (presumably by peristalsis) into the 
vagina. Injection of the ora tderi under direct vision is, of course, impossible. 
The uterine horns, therefore, are exposed through a miKlian laparotomy wound 
under ether ansBsthesia, the other abdominal viscera being packed off by 
gauze sponges wrung out of hot saline. One uterine horn is then injected high 
up with the suspension by means of a syringe. Any tendency for the puncture 
to bleed is stopped by the electric cautery ; this is especially useful, when 
living suspensions of bacteria are employed, for checking any leakage. The 
abdominal wall, fascia, and skin are sutured in layers. Full asepsis is employed. 

The substances used to elicit epithelial phagocytosis are as follows : — 

I. Hydrokollag . — This is a colloidal suspension of graphite manufactured 
by de HaSn of Hannover. The kind employed was that described as No. 300 
by Drinker and Churchill (1927), who appear to be the first to have used this 
preparation for physiological purposes in England. I am indebted to Dr. 
Howard Florey for suggesting this preparation as a suitable one ; it is also 
according to his instructions in Sherrington's ‘ Mammalian Physiology ' (1930) 
that the suspension was prepared. The smallness and regularity of size, and 
the clarity with which individual particles stand out beneath the microscope, 
make this an ideal preparation for testing the phagocytic powers of cells. 
Hydrokollag as received from the makers is sterile on account of the high 
ammonia content.*** Provided it be prepared in sterilised vessels, diluted with 
sterile saline, and preserved in the cold store, it will keep for many weeks 
without contamination, as pointed out by Drinker and Churchill (1927). 

II, Oarmim . — ^Finely ground carmine of good quality (Gurr) is made up 
to form a 5 per cent, suspension in normal saline. It is best injected with as 
large a needle as the circumstances permit, and can be sterilised by boiling for 
1 or 2 minutes. * 

III. Oocoa Butter . — ^This may be sufficiently sterilised by placing it in a 
thermostat at 60° C. for 2 to 3 days ; it is injected at body temperature. 

IV, Xnie Bad^ria.—SUip^ aureus from an agar slope is suspended 

in sterile saline. For Tubercle bacilli a virulent bovine strain (Cockhorn), grown 

* This substance is completely eliminated in the course of prepaiaticm. 
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on Petroff’s medium and suspended in 2 per cent, sodium carbonate solution 
was used. 

V. Dead Bacteria . — Suspensions of the above were killed by the classic 
method of heating the suspension at 60® C. for 1 hour. 

III. Observations. 

Except in the lowest segment the epithelium of the rabbit’s vagina is 
columnar and not stratified. In the cervical region there are two kinds of 
cells : ciliated and non-ciliatcd, the former predominating. The non-ciliated 
cells as shown by Hammond (1925) often give a positive reaction with mucin 
stains. The epithelium of the middle segment of the vagina is largely non- 
ciliated and columnar. The cells are relatively big, polygonal (when sectioned 
horisontally) and contain prominent nuclei at tlieir proximal (i.c., attached) 
ends. The cytoplasm is often finely vacuolat<id ; with muci-haomatein granular 
masses giving a positive reaction are sometimes seen within these cells. A 
film of more deeply staining mucus may be visible on the free surface of the 
epithelium. The free ends of the cells are often irregular or globoid, and 
occasionally exhibit blunt projections suggestive of pseudopodia. 

It should be pointed out that no conclusive instance of phagoc 3 rto 8 is by 
the ciliated vaginal cells has been noted, my observations referring exclusively 
to the non^ciliated columnar cells. 

Phagocytosis of Ilydrokolhg . — ^Injection per mginam of several cubic centi- 
metres of this substance elicits an active phagocytosis of the graphite particles 
by the vaginal epithelium. Some of the hydrokollag is ingested by leuco- 
cytes, but their response is not generally marked. Figs. 1 and 2 (Plate 1) 
illustrate phagoc 3 d;oBis of this substance by cells of the vaginal epithelium. 
In the first figure some of the particles lie close to, or against, the free border 
of the epithelium ; in the second the hydrokollag, which is visible in most of 
the cells, is often situated quite close to the nuclei. 

When I first encountered fixed epithelial cells apparently loaded with ingested 
material 1 suspected an artefact. It was just conceivable, for instance, that 
the particles had been moved by the edge of the microtome knife during section- 
ing. But, if that were so, the “ drift ” of such particles would be in opposite 
directions in the case of an 0 or o -shaped organ ; whereas material apparently 
in the cells of the upper segment might have been transported from the lumen 
by the knife edge, this would not occur in the case of cells in the lower segment. 
On examination, however, the pigment was found fairly evenly dispersed 
throughout the epithelium in any given section. Furthermore, previous 
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expedence (Carleton, 1924) with sections of dust-laden lungs had shown me 
that particles have to be very large before they are moved by the knife. And 
when they do move, they leave obvious tracts behind them. 

The criteria adopted for clinching the-intra-cellular nature of particles are 
those which I have used elsewhere (1926). They are (i) to try to identify the 
cell-membrane as outside the particles, and (ii) to note whether some of the 
particles can be brought by careful focussing into the same focal plane as 
the nuclear chromatin or nucleoli. Some of the cells in fig. 1 fulfil these require- 
ments ; cell boundaries, nuclear outlines and ingested particles are all clearly 
defined in the same focal plane. 

Phagocytosia of Carmine. — This substance is readily taken up by the vaginal 
epithelium, although the particles are considerably larger than those of the 
hydrokollag suspension. Fig. 3 (Plate 1) shows a number of large intra- 
cellular carmine granules, round some of which are distinct cytoplasmic 
vacuoles. (Photographic reproduction has unfortunately diminished the 
clarity of these.) These vacuoles afford additional and cogent evidence of the 
intra-cellular nature of the pigment. Carmine (or hydrokollag) may be taken 
up by the vaginal epithelium in as short a time as 1} hours after injection. 
Injection of one horn of the uterus is often followed by active phagocytosis 
on the part of the vaginal epithelium, the latter appearing to act as an active 
interceptor of the injected material during its passage down the vagina. 

Phagocytosia of Bacteria. — Suspensions of Staphylococci and B. tubereuloais 
were injected after preparation in the maimer already described (p. 2). 
Only a few experiments wore made with dead bacteria ; no epithelial phago- 
cytosis was observed and the following results are all derived from injections, 
either into a uterine horn or into the vagina, of living Staphylococcus aureus. 
A few (4) experiments were made with tubercle bacilli ; no epithelial response 
was here noted, possibly because of the very active ingestion of the tubercle 
bacilli by leucocytes. 

Fig. 4 (Plate 2) demonstrates the phagocytosis of Staphylococci by the vaginal 
epithelium ; bacteria definitely within columnar cells are shown at X. As with 
carmine granules, so with Staphylococci ; cytoplasmic vacuoles may be seen 
around the ingested material. (These vacuoles need very careful focussing 
and cannot be seen in the microphotographs.) 

The rapidity with which 5top%Zococcf disappear after injecting them either 
into a uterine horn or into the vagina is startling. Six experiments were made 
in which the bacteria were injected into the vagina, and seven where direct 
injection of a horn was practised. In the former, undoubted <q>ithelial phago- 



Epithelial Phagocytosis. 


cytoais was noted in two experiments, in the latter in only one. The time 
varied from 6 to 24 hours from the moment of injection to the necropsy. For 
the reasons already stated, and on evidence produced in the following pages, 

I regard the epithelial phagocytosis both of pigment particles and of bacteria 
as undoubted. Why, then, the difficulty of fitting a positive result in each 
experiment ? This, I think, is ascribable to the intervention of the white 
cells. Assessment of the relative activity of epithelial versus leucocytic 
phagocytosis has shown that when the former is marked, emigration of, and 
phagocytosis by, the leucocjtes is scanty. And, inversely, when leueoc 3 rte 8 
containing intra-cellular bacteria are abundant, the phagocytic ability of the 
vaginal epithelium seems to be masked and dominated by the voracity of the 
scavenging cells. This, at any rate, is the provisional explanation offered. 
It should be possible to confirm (or refute) this suggestion by producing a 
leuoopenia. Experiments intended to bring evidence to bear on this matter 
are in progress. 

Absorption or Phagocytosis of Cocoa Butter and Olive Oil . — Injections of 
these substances into either the vagina or a uterine horn are sometimes followed 
by the appearance of fatty globules in both the vaginal and uterine mucosae. 
Of the substances examined up to date, fat is the only one which has been 
found within the non-ciliated columnar cells of the uterus. 

Such fat, however, does not seem to be readily taken up by the uterine 
mucosa. Out of 11 experiments in which one or both horns were injected, 
positive results were only observed in two, and 18 hours after injection 

respectively ; furthermore, in both these instances the horn was ligatured 
close to the os uteri before making the injection. This suggests that the process 
of taking up the fat is a slow one ; also, that the injected material is moved 
out of the uterus by peristalsis before the epithelium has had time to take it 
up. Is intra-cellular fat absorbed or is it taken up by phagocjdjosis 1 The 
fact that the uterine mucosa has never been noted as phagocytic with any of 
the substances tested other than fat, suggests absorption. Intra*cellular 
fat within columnar non-ciliated cells of the uterus is shown in* fig. 6 (Plate 2). 
The globules are strikingly large. Similar pictures were seen in the vaginal 
epithelium in 6 out of 11 injections. No fat within the uterine and vaginal 
mucosas was seen in control preparations. 

Possibility of Injected Material Lying in the Inter-cellular Spaces . — ^It seemed 
just conceivable that injected particles might be in the cement substance rather 
than in the cells.’*' Many histologists (e.g., Kolossow, 1898) claim that definite 

^ I have examined my material at high magnifioation and failed to see either bridges or 
oell-spaoes. But it is only fair to say that I did not make use of Kolossow’s special fixative. 
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inter-cellular spaces, traversed by cell-bridges, are found in columnar epithelia 
as well as in the epidermis, where the existence of such bridges is undoubted. 

Dissociation in Ranvier’s alcohol was used, the idea being that its solvent 
action on the cement substance would^ release the particles from their associa- 
tion with it were they not truly intra-cellular. The cells, however, when dis- 
sociated and suitably stained still contain undoubted intra-cellular particles 
as shown in fig. 6 (Plate 2). 

Another and more striking proof of actual ingestion of foreign bodies by the 
cytoplasm is afforded by horizontal sections of the vaginal epithelium. The 
polygonal cell-membranes are clearly shown by Heidenhain's iron heematoxylin 
followed by careful differentiation (fig. 8, Plate 2). 

The Mode of Phagocytosis . — It has been shown that epithelial cells still 
attached to their basement membrane and preserving their normal relation- 
ships can actively engulf foreign bodies. What is the mechanism ? The 
irregularity of the free ends of the cells, and the blunt projections which they 
frequently exhibit, suggest pseudopodia. Possibly the cytoplasm is sticky ; 
the fact that it often contains histo-chemically detectable mucin makes this 
assumption likely. Foreign bodies are therefore presumably held by the cyto- 
plasm on making contact with it. That such bodies are often found close to 
the nucleus is only explicable on the assumption that the cytoplasm is motile. 
The curious blunt projections of the cells in fig. 7 (Plate 2) arc suggestive of 
pseudopodia being extruded. 

To enter further into the nature of a phagocytic mechanism on a purely 
morphological basis would only lower this discussion to the level of conjecture. 
The microscopist labours under a double disability when interpreting physio- 
logical processes (such as phagocytosis) on a morphological basis. For he is 
confronted not only with a fixed and stained section of dead cells and tissues 
but also with what I may perhaps call a section of time. From the ap|>earances 
of cells fixed at a certain moment, the observer is tempted to make deductions 
as to their past and their future. To avoid this mode of interpretation and its 
attendant pitfalls an attempt is being made to observe vaginal phagocytosis 
by living cells in vitro. 

IV. Disc^mwn. 

It is usual to regard phagocytosis as the “ perquisite of various motile 
cells which are generally regarded as mesodermal in origin. 

Much discussion has surrounded the derivation of the pulmonary dust- 
and heart-failure cells which are morphologically indistinguishable. It is 
impossible to enter into a survey of the literature here. A number of observe- 
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tionB, on a subject in which I am particularly interested, have led me to conclude 
that both dust-cells and the large elements which appear in chronic pulmonary 
congestion are formed from the alveolar lining, and are hence epithelial in 
origin (Carleton, 1918, 1924, 1925, 1925u, 1927). Recent work by Cowdry 
(1925) on a curious form of broncho-pneumonia in cattle lends support to tliis 
opinion. So, likewise, do the remarkable observations of Cappell (1929) on 
vital staining of the macrophages of the lung. 

Cells which, in the organism, are not normally phagocytic are known to 
become so in tissue cultures. Probably the most curious reversion to cellular- 
cannibalism in vitro is that recorded by Champy (1914). This observer has 
shown that, in cultures of mammalian retina, the neuroglial elements known as 
the fibres of Miiller voraciously ingest the other retinal elements. The bronchial 
epithelium is likewise phagocytic in vitro (Carleton, 1925). This observation 
has been strikingly extended by Duthie (1930) who reports that the bronchial 
mucosa of guinea-pigs can ing(\st red blood corpuscles and soot.* 

Phagoc}rtic powers have been ascribed also to various segments of the male 
genital ducts. Thus, the cells of the vas deferem have been found to be 
actively phagocytic in respect of spermatozoa after vaso-ligation (Guieyesse- 
Pellissier, 1911). Similarly the epithelium of the epididyfnis (Kegaud and 
Toumade, 1911) and the Sertoli cells of the testicle are supposed to ingest 
degenerating sex-cells (Regaud, 1901). 

My observations relative to the phagocytosis of widely different foreign 
bodies — varjdng from (sarniine and graphite to Staphylococci — ^by the vaginal 
epithelium would appear to afford the female counterpart to the above. 

To summarisii, the conclusions forced upon on(‘. arc; that certain mammalian 
epithelia (mesodermal in origin in the emu of the male and female genital 
•ducts) are capable on appropriate stimulation of responding by phagocytosis 
to the call made upon them. Even in man, there is evidence to show that the 
alveolar epithelium of the lung plays an important r61e in the defensive response 
to invasion by dust particles, bacteria and extravasated red blood corpuscles. 
And, it is quite conceivable that other human epithelia may be possessed of 
similar potentialities. 

Part of this work was done in the Sir William Dunn School of Pathology, 
Oxford, It is a pleasure to record my appreciation of the facilities afforded 
me there by Professor Georges Dreyer, P.R.S. The microscopic observations 

* On going to press, a paper by Ropes (‘•Contiib. to Emb.,” Carnegie Inst.. No. 
128, 1930) has oome to my notioe. It is clearly shown that the ciliated cells of both 
branchi and trachea in the rabbit are actively phagocytic in respect of carbon particles. 
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irate made n the Phyuoiogy Department, Oidprd, and 1 am vmy grateftd he 
8ir darles Sherrington’s interest in this research. 

Ify thanks are also due to Dr. A. A. TarMian, 3b. Jesse Wheal and Mr. 
Thomas Marsland, who have assisted in the experiments. 

V. Summary. 

(1) The vaginal epithelium of the rabbit is phagoc 3 i>ic. This capacity 
appears to be limited to the non-ciliated columnar cells. 'Die ciliated elements 
-~mo8t numerous in the upper vaginal segment — are in this respect inactive. 

(2) Carmine, hydrokoUag and Staphylococci are taken up by the epithelial 
cells after injections either into the vagina or into a uterine horn. In the latter 
case, the vagina may behave as an active interceptor of injected material in 
the course of its passage down from the uterus. No definite instance of 
phagocytosis by the uterine epithelium has been recorded. 

(3) Fats, such as cocoa butter and olive oil may bo taken up by both the 
uterine and vaginal epithelia. Reasons are given, however, for regarding 
this process as absorption rather than phagocytosis. 

(4) The need for stringent criteria in defining phagocytosis has been stressed, 
and the criteria employed described. They are (i) the abUity to bring into the 
same focal plane some portion of the nucleus and the suspected ingested 
material; (ii) to identify the cell-membrane as being definitely outside the 
particles. The presence of cytoplasmic vacuoles around ingested particles 
such as carmine and Staphylococci is additional evidence of phagocytosis. 

(5) A provisional explanation of the mechanism whereby fixed epithelial 
cells can actively engulf foreign bodies is given. There is some reason to 
believe that the free border of the cells — often covered with mucus — ^is sticky ; 
also that short, blunt pseudopodia may be emitted. The presence of intra- 
cellular matter close to the nucleus can only be explained by assuming that the 
cytoplasm of these epithelial cells is motile. 
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EXPIiANATION OF PLATES. 

All the flgnres axe from untouched microphotographs, for which 1 have to ^baoh 
Mr. W. Oheeterman. They have been leprodaoed at the original magnifioations. AU the 
photographs, except No. 0, are from sections 6 ii thick of the vaginal epithelium of the 
rabbit. 

Plats 1. 

Fiq. 1. — Small crypt showing hydrokoUag particles (X) within its cells. Ftom a rsibblt 
which had received two injeotions {per vaginam) of 6 o.o. Killed 7 hours after titeS 
last injection. Susa : hasmatoxylin and orange G. (X 1000.) 

Fxa. 2.~-Another example of the phagocytosis of hydrokoUag by the vaginal epith^ium. 
Animal killed 18 houni after a single injection of 7 o.c. per vaginam. Most of the 
columnar cells contain ingested particles. Susa: hiematoxylin and orange 0. 
(X 1100.) 

Fio. 8. — Phagoo 3 rto 8 is of carmine particles (X), many of which can be seen to be adSaeeiit 
to, and in the same plane as, the nuclei. Farther proof of the intra-ceUular natuxe of 
the Qumine is evidenced by the cytoplasmic vacuoles (difficult to discem in this 
photograph) around the grains of carmine. 1*5 o.c, of a 5 per cent, carmine suspeaihm 
were injected into the right uterine horn 19 hours before death. The oaxnine has 
been actively intercepted by the vaginal epithelium in the course of its passsfs to Ihs 
exterior. Susa: hsamatoxylin and orange G. (X 1000.) 

Plat* 2. 

4.-- Phagocytosis by the vaginal mucosa of a suspension of Uving 
ourm, injected into one uterine horn 6 hours previouidy. Bacteria i^ihln oolus^ni^ 
celiB me shown at X. Bonin’s fluid: Grain’s stain and oaxm^alum, (x 10^ 

Fxa. 5.— tAbsm^tion (or phagocytosis) of oocoa^butter by the vaginal epitWi^^ '|n|<sc^ 
of 2 0 , 0 . into one utnrine horn has been folk>wed by interception of tlsi fat 
of its passage to the exterior) by the vagixmlepit^ Anixnal IdlM 

injection. Intra-Mlular fat was not present in the control vsj^ (8) 
to date. X ^ iatra-oeUular globules of fat ; N W noclai of epith^Ksi^^^e^ 

N(i^.-^In the or^ the and 

n^peared equally black. Hence hm the daikei^ by the 

fffiotogrsph to avoid confusiim with the nu^. ( x 600 .) 

FxOi 6.~-A dissociated vaginal epithelium from the same expertment as 

fig. 1. The the oarinine in the two isolated columnar cells 

is oleariy showtL Banvler’s a^^^ (1 week’s treatment); oaxeful dissociation. 



10 L. Hogben and D. Slome. 

follow^ by staining in dilute hfematoxylin and orange G. PM » polymorph leuoo- 
03 rte ; LY as two lymphocytes. ( x 1000.) 

Pio. 7. — ^Edgo of one of the vaginal rugas of the rabbit highly magnified, showing particles 
within the columnar cells. This, and the succeeding figure, show conclusively that 
such particles are genuinely intra*sellular, and not wedged in the inter-oellular spaces. 
Animal killed hours after an injection, par vaginam, of carmine and of hydrokollag. 
Formol : Heidenhain's iron hiematoxylin. ( x 1700.) 

Fio. 8 . — Horizontal section of the columnar cells of one of the vaginal rugae from a similar 
specimen to fig. 7. Here again the carmine particles are obviously within the cells 
and not in the cell spaces. Intra-oellular carmine particles are seen at X ; the appear- 
ance of the particle at XX is due to diffraction. Formol : Heidenhain^s iron hiemato- 
xylin. (X 1700.) 
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The Pigmentary Effector System, VI. The Dual Cha/racter of 
Endocrine Co-ordination in Amphibian Colour Change. 

By Lancelot Hogben and David Slome, Department of Zoology, University 

of Cape Town, 

(Communicated by H. H. Dale, Sec. R.8. — Received November 26, 1930.) 

[Platbs 3 , 4 ,] 

Part 1 , — The Norrml Responses of Xenopus Iseyis. 

In foregoing contributions to this series an attempt has been made to analyse 
the process of co-ordination in a characteristic mode of behaviour encountered 
in Amphibia and Reptiles. It is now clearly established that the pituitary 
gland is an essential agency in determining Amphibian colour change. Accept- 
ing this conclusion, it is still possible to entertain the hypothesis that the 
secretion of the pituitary gland is merely a condition of the response of the 
melanophores to nervous impulses in efferent fibres supplying the skin. The 
present investigation is an attempt to subject this possibility to more rigorous 
examination. The direct innervation of Amphibian melanophores has not 
been established by histological examination, and the time relations of pig- 
mentary effector activity in Amphibia do not suggest the intervention of a 
peripheral nervous mechanism. As shown in the last communication of this 
series, the melanophores of Reptiles are directly innervated. Experiments on 
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atimulation and section of peripheral nerve tranks have led investigators on 
Amphibian colour change to ambiguous results, which have been extensively 
criticised elsewhere. The chief source of misunderstanding arises from the 
fact that peripheral nerves in general contain vasomotor components. In 
work on the chameleon it has been possible to demonstrate segmental effects 
of nervous origin, by employing as a stimulus to generalised pallor an agency 
for which the receptor surface is localised. For further analysis of co-ordination 
in Amphibian colour change it now becomes necessary to undertake a more 
precise definition of the receptive field. A visual response naturally suggests 
itself as the most convenient type for this purpose. In the European frog 
(Rana temporaria) various factors, including humidity and temperature, 
significantly co-operate with illumination to determine pigmentary effector 
activity. The South African clawed toad is an aquatic Anuran whose chromatic 
responses are almost entirely determined by photic stimuli. This circumstance 
has made it possible to explore the problem of co-ordination more thoroughly 
than in previous researches recorded in this series of communications. 

In Xempm as in other Anura there are three types of pigmentary effector 
organs. The^ are (a) the epidermal mclanophores, (6) the dermal melano- 
phores, and (c) the xantholeucophores. The dermal melanophores are the 
most important agents in the visible reaction. Their condition can easily 
be followed by microscopic examination of the web. In what ensues attention 
is directed to the dermal melanophores, unless otherwise stated. 

Those who have studied pigmentary effector activity in the English common 
frog are agreed that humidity and temperature are eminently significant 
external agencies. In consequence the influence of light assumes a sub- 
ordinate r61e. For the platana light reflected from the field of vision is the all- 
dmportant factor. To avoid periphrasis the word “ background will be 
used in this communication to denote the field of vision. Strictly speaking 
it is inaccurate, because the eyes of Xeftwjms are situated on the dorsal aspect 
of its head. In the experiments which follow the behaviour of normal animals 
will be contrasted with that of eyeless animals. From the latter the entire 
eyeballs were removed. To define with greater precision the condition of the 
melanophores we have employed a method adopted by Hewer (1923) at the 
suggestion of the senior author, .Arbitrary numerical 83 mtibols have been 
applied to five stages of melanophore contraction and expansion, selected as 
suitable for convenient identification and defining the state most characteristic 
of certain equilibrium conditions. These are indicated in fig. 1. Photo- 
micrographs are reproduced in Plate 4. Unfortunately it is difficult to photo- 
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graph an expanded melanophoie as it appears in the living oonditioni because 
only a small part of it can be focussed at the same time. 

Generally speaking, there is considerable uniformity of the pigment cells 



1 . 




2 . 





Fia. 1. — ^MeUnophore Index. 


in adjacent areas of the web at any given moment. When some are seen in 
one condition and others in another, a mean value is given. For instance, a 
very dark animal may have islands of stage 4 on a general background of stage 
6. The melanophore index of such an animal is denoted 4.5. This method of 
dealing with colour response hsus made it possible to demonstrate differences 
which are not readily detectable from the macroscopic appearance of the 
animals. Although the symbols selected are entirely arbitrary, the readings 
of different observers do nut significantly differ. Since the observations 
recorded in the experiments described in this section were actually carried 
out, the same series of experiments has been conducted by students as class 
work for three consecutive years. The results of students’ observations have 
always been confirmatory of the conclusions which will be set forth. 

The containers used for the experiments were square tin receptacles 32 cm. 
broad and 7 cm. deep. They were either varnished to present a dull metallic 
surface (“ neutral background ”) or painted on the inside with a hard black 
or white enamel. Usually five animals were placed in one container. The 
water was changed at regular intervals, when the animals were fed witii raw 
meat once a week. Experiment showed that the animal’s field of vision was 
almost entirely occupied by the sides of the vessel. Only the rim of the floor 
and no part of the oova were included in the visual field. The cover was a 
plate of thin, flat glass, 35 cm. square. Three sorts of covets were used to allow 
for bright, medium or dim incident illumination. These were respectively 
unpainted, painted with white enamel, and painted with black enamel. Hie 
black and white plates were not completely light-proof. To oontiol &eir 
possible relation to the visual field two precautions were taken. White and 
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black tops were fixed above the plain glass tops at a sufficient distance to 
admit diffuse light, and a white plate was always placed beneath a dark plate, 
when the latter was used to secure dim illumination. 

Clawed toads kept in whiter containers in diffuse light become pale within 
24 hours, though they do not attain maximum pallor until several days have 
elapsed. Kept in black containers they become dark in a few hours. It has 
long been known that the characteristic white-‘‘ background response of 
fishes and amphibia is abolished, if the eyes are removed, oir the optic nerves 
severed. Previous workers have described the eyeless frog as a “ dark 
animal. After removal of the eyes Xenopus remains dark on a white back- 
ground ; but the eyeless animal is never quite so dark as a normal animal 
kept on a black background. .When normal and eyeless animals are kept in 
a large black tank, there is no difficulty in distinguishing the majority of the 
eyeless animals by their mac roscopic appearance. Comparing the animals 
kept under different conditions of illumination, a somewhat paradoxical im- 
pression is gained from the macroscopic appearances. The most extreme 
pallor was found in animals placed on a white background in dim light, whereas 
the most extreme darkening of the skin was manifest in animals placed on a 
black background in bright light. This seeming paradox appeared to be 
consonant with observations on XJrodele larvae, which have been placed on 
record by Laurens (191&-16). Laurens found that in bright light eyeless 
individuals become darker, and seeing individuals at first become darker and 
then paler. Laurens distinguishes between a primary or non-visual rehouse 
to light by expansion of the melanophores, and a secondary response, super- 
imposed upon the former, dependent upon the eyes, and influenced by light 
in the opposite direction. 

Statistical treatment of the microscopic appearance of the web confirmed 
the impressions gained from the visible appearance of the animals. In the 
data cited in the ensuing protocols the mean value of the melanophore indices 
of a group of individuals is given. The number of individuals and the standwd 
deviation of the mean difference is stated in each case, ffixpenments I, II 
and 111 show that removal of the eyes abolishes both the white background 
and the liilaok backgroimd response. The condition of the dermal melanophores 
ip the eyeless animal and in animals kept in darkness, as shown in experiment 
V, is intermediate between the extreme conditions usually described as 

contracted ” and ** fully expanded.*’ The data of experiments I to V also 
indksate that in Xenopus there is a 8%ht degree of primary reactivity of the 
type seen in XJrodele larv®. This is analogous to the reptilian type of photic 
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reaction^ but the possible range of this primary reactivity is very small com* 
pared with the secondary or co-ordinated activity, which is dependent upon 
the eye. The threshold of illumination requisite for the manifestation of the 
primary response is much higher than for the secondary. Thus, in dim light, 
the secondary response on white background is not diminished by the primary 
reactivity, whereas in bright light the black background response is reinforced 
by the primary reactivity. 

Experiment L 

Exposed for 24 to 28 hours in diffuse light, 10 days after operation in case of 
eyeless toads. Temperature 19° to 20° C. 


Eyed 

Ntunber of IndividiiaiR 

Eysleas 

Number of individualK 


White background 

Black background 

with ghuM topB. 

with glass tops. 

190:4: 0 04 

4-54 ±0 07 

48 

48 

318 ±013 

818 ±015 

48 

48 


Exjieriment II, 

Exposed for 24 hours to diffuse light at 19° to 20° C. 14 days after removal 
of eyes in case of eyeless animals. Eight individuals in each batch. 



White coven. 

Black covers. 

j 

i 

White 

background. ^ 

Black 1 

background. 

White 

background. 

Black 

background. 

Eyed 

Eyeless 

2*0 ±0*00 

3 18 ±0*30 

4*6 ±0*13 

3*0 ±0*81 

1*05 ±0-16 
2-76 ±0*18 

4*25 ±0*15 
2*75 ±0*28 


With the dimmer illumination (black covers) the consistent shift towards 
greater pallor is seen in another experiment, in which the background was a 
varnished metallic surface which reflected light to a considerable extent. This 
is set forth in the table in connection with experiment III. 
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Experiment III. 

Exposed 24 to 48 hours diffuse light at 19® to 21® C., eyeless 14 days after 
operation. Eight toads in each batch. Neutral, that is, metallic background. 



Glass oover. 

White cover. 

Black cover. 

Eyed 

2 6 ±0-24 

1-6 ±0-26 

2-4 ±0*35 

Kyslom 

3-4 db017 

2-4 ±017 

2-4 ±017 


Before proceeding to give further proof of this restricted degree of 
primary reactivity, which consistently emerged in our earlier experiments, 
we may pause to comment upon one issue. The intermediate condition of the 
eyeless animals in the early stages after operation might be attributed to stimu- 
lation resulting from necrotic changes in the degenerating optic fibres. We have , 
therefore, tested the eyeleas animals repimtedly. An experiment carried out 
on an extensive scale, after the lapse of sufficient time to ensure complete 
degeneration of the optic fibres, is here included to demonstrate the fact that 
conclusions drawn from experiments on animals 14 days after operation are 
not invalidated by the possibility stated. 


Experiment IV. 

Exposed 24 hours in diffuse light at 16® C., 6 weeks after removal of eyes of 
eyeless toads. 



Black background, 
black iK>p8. 

White background, 
white tops. 

Ejwd ' 

Number of Individusls 

B^eleM 

Number of IndividiisLi 1 

1 

J 4 82 ±0 07 

j 28 

2-8 ±013 

28 

1‘8 ±0 OS 

27 

3*6 ±0*18 

87 


In darkness the normal animal approximates to the condition of the 
eyeless animal as seen in the ensuing experiment, 
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Biapenmeint F. 

At 17° C., 6 weeks after operation in case of eyeless toads. 




1 

Complete 

Bright 


j 

darkness. 

illumination. 


1 

1 

1 

[ ! 

1 60 houn. 

10 houra. 

Syedf on white background, 12 toads 

i 

1 2-7 ±0-24 ! 

21 ±008 

Byed, on black background, 12 toad^ — 


3 0 ±0-18 1 

1 5*0 ±0*18 ' 

ByelesB, 48 toada 


3 0 ±011 

3*8 ±0*00 


The data tabulated under experiment V provide conclusive evidence for 
the view that the neutral condition of the melanophores is intermediate, and 
that, superimposed on the major, visual photic response, there is in Xmofus 
a slight degree of prunary reactivity of the chameleon type. It is seen in 
I to IV that the normal toad subject to dim illummation on a white background 
becomes darker, and on a black background paler than in bright light. It is 
also seen that the eyeless animal is significantly daurker in bright light. Using 
the same standard of arbitrary numerical symbols to denote different degrees 
of melanophore expansion, we may say that the range of the primary re- 
activity is, at a maxunum, only 10 per cent, of the range of secondary reactivity. 

Humidity is not a significant factor in colour change in Xenopus, as shown in 
the following experiment. The point is hardly worthy of detailed investigation, 
as the animal will not live very long out of water, and if placed in a dry con- 
tainer it is kept moist by its own skin secretion for many hours. 

Experiment YI, 

Eyeless toads for 24 hodrs on neutral background in diffuse light at 17° C. 

Mean value. Nmnber of toode. 

Wot 3-4 ±018 16 

Dry 31 ±016 16 

Between 12° C. and the lethal upper limit (about 33° C.) we could detect no 
significant temperature effect on colour change in Xmopm. Below 10° C. 
there is a definite tendency to darkening of the skin. Thus the general type 
of effect is similar to that seen in most vertebrates which display chromatic 
response. The noteworthy feature of Xmopnt is the wide range of tempera- 
ture over which the chromatic function remains littie affected. 
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From the data presented above it appears that the dermal melanophores 
of normal individuals of Xenopus lams are contracted when the animals have 
been kept for at least 24 hours on a white background between 16® C. and 30® C. 
They are expanded after exposure to a black background for the same period, 
and in complete darkness they assume an intermediate degree of expansion, 
preserved in diffuse light by the eyeless animal independently of the back- 
ground. This visual response is superimposed upon a very restricted degree 
of primary reactivity of the reptilian type, not dependent on the eye. 

The conclusions which have been set forth above were confirmed by experi- 
ments carried out after a lapse of 12 months. The only new point which 
emerges is that the equilibrium value for eyeless animals a year after operation 
is rather lower, i.e.y as far as the microscopic appearance of the dermal melano- 
phores is concerned they tend to approximate more to the condition of the 
pale animal. Macroscopically they show no pc?rceptible difference. The 
following experiment was undertaken after an analysis of the time factor in 
colour change had cmphasisc^d the necH^ssity of prolonged exposure in establish- 
ing the true condition of equilibrium. Illumination was continuous and the 
record was taken after 3 weeks^ exposure. The mean temperature was 16® C. 


Nonna] 

Number of toad. 


J^kw 

Number of toads 


White Iwrkgrottud. 

1 

Bright. I Dim. 


Blaok background. 
Bright. Dim. 


1- 25 M3 ± 0 07 ! 4-64 ±0-09 I 4-68 ±0-12 

24 33 ; 24 I 24 

2- 8 ±0 10 210 ±017 I 2 9 ±0 00 | 1-9 ±016 

20 20 i 30 ; 20 


In these data the primary response of the eyeless toads is brought into shaip 
reli^. Indeed the effect was macroscopically recognisable. 

Observations carried out on Rana fuacigula confirm tlie expectation that 
the essential characteristics of the photic response in Xenopus are shared by 
other Anura. In the following experiment it is seen that thmre is a visual 
response in Bam fusoigula. As in Xenopus the eyeless animal, though relative^ 
dazjc in its macrosoopic aspect, is not as dark as the normal animal in optimiim 
oondifsons for melanophore expansion. When the condition of the melanb- 
l^res is xeo<»ded in the manner adopted in observations on Xenopus, the 
eyeless animal is seen to be intetmediate. In this experiment the temperature 
vot. ovm.-— B. 0 
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was 16° C. and the records were taken 6 weeks after operative removal of the 
eyes. 

"| 

I White ooniainer, BUok oontainor. 

I bright illtiminaiion. dim illumination. 


Eyed | I0:t0-21 | 4-4:)>0*22 

Number of individuals 0 j 0 

Byelaw 3-4 ±0-40 j 3 « i;0*22 

Number of individualB . 6 i 5 


Workers on the European frog have emphasised the importance of humidity 
and temperature as extc^rnal agencies contributing to pigmentary eflfector 
activity. The significance of humidity is seen in the following protocol. 
The temperature in this case varied between 19° C. and 20° C., and tlnr record 
was taken after 3 days’ ciqiosure. 

I Wcft, i Dry. 

White oontainor, bright illumination ...! 2*4 ir 0*39 ^ 2*1 i:0*27 

Number of individuiUK 8 ' 10 

Black container, dim illumination ! 4*7 :£ 0*11 | 4*4 ±0*16 

Number of individoak ' 10 I 9 

Humidity acts on pigmentary changes in the Cape frog in the same sense 
as it influences colour change in the English common frog, though it is perhaps 
a less powerful factor. Tlie influence of light on the colour changes of the frog 
has been less emphasised by European than by American workers. Intelligible 
reasons for this are now evident. One is that in different species of Anura the 
relative importance of light, humidity and temperature varies considerably. 
Another is the fact that the primary and secondary responses are opposed to 
one another. To bring into sharp relief the purely visual response it is first 
necessary to control the effects of humidity and temperature. It is also 
essential to adjust the intensity of illumination, so that the primary response 
of the melanophorcjB to light does not antagonise the co-ordinated response for 
which the eye in the receptor organ. When these conditions are fulfilled the 
result can be predicted with a high measure of confidence. 

The most vital issue which emerges from this preliminary enquiry is the 
circumstance that the eyeless animal displays neither maximum pallor nor 
maximum darkening of the skin. Previous observe on Amphibian pig- 
mentary activity have noted that the eyeless animal remains dark on a white 
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background. This is true in so far as the eyeless animal is much darker tlian 
a normal animal kept on a white background. It is also true that it is palei 
than a normal animal kept on a black background. This cannot be explained 
on th(? simple hyjmthesis that light reflexly inhibits the activity of the pituitary 
gland. If that were so, the eyeless animal should be darker than the normal 
animal kept on a black background. The experiment's to be recorded in the 
ensuing sections were undertaken to «‘lucidate this anomaly. 

Sumnumj of Pari 1. 

(1) Withiii a wide range of temperature (12° to 32° C.) normal individuals 
of Xempus Imyia: become dark if placed in light in a situation such tliat the 
fichl of vision is (KM^upied by a surfa<?e which absorbs light (‘4)lack background **) 
and become pale if placed in light in a situation such that the field of vision is 
occupied by a surface which scatters and reflects light (“ white background ’*). 

(2) Eyeless iiulividuals do not display this ty|K> of reactivity, but, like normal 
animals subjected! to prolonged exposure to total darkness, remain in an 
iMermidiate condition due to tlu' partial expansion of the dermal melanophores. 

(3) In eyel(‘ss animals the mclanopliores are more expanded in light than in 
darkness. There is thus a “ })rimarv rwuitivity of the pigmentary effector 
system independent of the eyes and tending in the opposite direction to the 
‘‘ secondary’^ co-ordinated response for which the eye is the receptor organ. 
The primary response is much less <*on8iderable in extent than the visual 
response. 

(4) The threshold of illununatiou for the “ primary '' reaction to light is 
higher than that for tlu* secondary. The optimum condition for pallor in 
normal animals is therefore provided by dim light reflected from a light- 
scattering surface occupying the field of vision. The optimum condition for 
darkening is a light-absorbing visual field with bright illumination from above. 

Part il. — TIu' Time Relatiom of Colour Change in Xenopus Isevis. 

For the present we shall disregard the primary reactivity wliich may depend 
on the direct response of the pigmentary effector organ to the stimulus of 
light, or may be a co-ordinated response for which the receptor is some photo- 
sensitive end -'Organ in the skin. The secondary or visual reactivity, on the 
other band, must involve a co-ordinating system. This may be endocrine, 
nervous or both. The fact that eyeless animals are neither completely pale 
nor completely dark suggests that the white background and black background 
responses involve separate agencies for the co-ordination of stimulus with 

0 2 
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response. The twofold character of the visual leiqwnse miiy be explained by 
either of the following hypotheses or by a combination of both : — 

(а) That there are two kinds of photoreceptive elements in the retina with 

difierent thresholds of excitation, one tending to produce inhibition 
and the other tending to produce activation of the same mechanism 
affecting the melanophores. 

(б) That there are two separate mechanisms affecting the melanophores in 
the opposite sense, one predominating over the other according to the 
number of photoreceptors stimulated, and one responsible for the 
contraction, the other for the contraction of the melanophores. In 
discussing this hypothesis the agency which is resjmnsible for the 
white background response will be referred to as W, and the agency 
which is responsible for the black background response will be referred 
to as B. 

A study of the time relations of the response supports the second 
hypothesis. It also provides information concerning the nature of the 
co-ordinating agency or agencies involved. In any mode of behaviour the 
interval which elapses between the application of the stimulus and the 
execution of the response is generally the sum of at least three components. 
These are the latent period of the receptor organ, the time occupied by the 
process which occurs in the process of co-ordination and the time occupied in 
bringing the effector organ itself into play. The reaction time of Amphibian 
melanophores may be judged from observations on the action of drugs and 
autoacids. It is certainly less than an hour, and the latent period of the retina 
and propagation within the C.N.S. are negligible in comparison with this. 
On the other hand, it will be seen that the secondary responses take many 
hours to reach completion. 

We shall now comder separately the time relations involved in : — 

(i) passing from the black- and white-background response to the “ inter- 
mediate ” condition in total darkness ; 

(ii) -transition to the white- and black-background response from the 
intermediate condition consequent on prolonged exposure to darkness ; 

(iii) complete reversal of fhe white- and black-background response in both 
directions. 

It must be borne in mind that the numerical symbols applied to different 
conffgurations of the dermal melanophmes are quite arbitrary. Thou{^ some 
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insight may be obtained from a consideration of the intervals which elapse 
between equilibrium conditions and the intercalation of subnormal or super- 
normal phases, no significance can legitimately be attached to the gradients 
of the curves. 


a . — Transition to the Inlertnediate Condition in Darkness. 

The first problem to be investigated was the time taken by dark and pale 
animals to reach the intermediate condition in complete darkness. Previous 
experience had shown that this was considerable, and that pale toads required 
a more protracted exposure to darkness than dark ones before equilibritun is 
established, i.e., before the eyeless condition is attained. In the first experi- 
ment (fig. 2) 1 1 pale toads in white pots and 1 1 dark toads in black pots were 



Fm. 2. — 'Dark room experiment at 22° C. Upper aeriee toads in black oontainera — 
originaUy dark animals. Lower series toads on white oontainerS— originally pale 
animals. Arrows represent 24-hoar intervals. Midnight to midnight. 

placed in a large light-proof and well-ventilated box in the dark-room. The 
use of the box disposed of the necessity of exposing any individual to light for 
more than a few seconds when observations were taken. In titis experiment 
there are three significant features which at once emerge from the graphical 
rec(»d. Pirst, tiiat the dark animals attain the eyeless equilibrium much 
more readily than the pale ones. Second, that there is a decided tendency for 
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the melanophores to be more contractrd at midnight, suggesting a diurnal 
variation analogous to that riK^orded for the primary photic reaction of Crus- 
tacea by Keeble and Gamble (i9()2 and HK)5). Third, that dark animals, aft^er 
reaching the interm(?(liate (condition within 40 to 60 hours, become paler than 
the eyeless animal, and remain so until al>out 120 hours after beginniiig of 
experiment. Tlmt is to say, they do not w*ttlc down to the eyeless equilibrium 
condition till about th<^ same time as the toads which were initially pale. To 
obtain further confirmation on the last two points, i.e., the diurnal variation 
and the subnormal phase of the initially dark toads, the experiment was 
repeated at a different temperature. In the second exp<^riment 12 toads in 
each series were employed, initially pale animals being placed in black pots and 
initially dark animals in white pots immediately l>efore placing in the dark- 
room. In this s(?cond experiment the time required to att^iin ecjuilibrium on 
the part of the initially pale toads was even more protract(xl than in the first. 
A part only of the experiment is reproduced, but the diurnal variation was 
consistent throughout the entire series of observations (fig. 3). While the 
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120 140 160 180 200 220 240 260 260 

Fio. 3. — ^Part of an oxpwiment showing transition from pale (lower) and daik (upperl 
condition to the intermediate state in darkness. This shows regular diurnal variation, 
^ the arrows indicating midnight. 

variation is not sigjiificantly outside the range of probable error for two 
successive points on the curve, the complete consistency of the two curves, 
and the perfect regularity of the result, leaves no doubt concerning the existence 
of the diurnal change. It *is not without interest to note that the rhythm of 
the dark-room toads is in the same sense as the normal diurnal thythm result- 
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ing from the primary reapoiu^e. This at first suggests that the mechanism 
involved is a “ conditioned ’’ one in Pavlov’s terminology. In the second 
experiment the subnormal phase of the initially dark toads was quite pro- 
nounced, and complete equilibrium of the initially pale animals took about a 
fortnight. 

b, — Transition frotn Darkness to White and Bialik Backgroufids. 

Two exjx'riments were carried out on the same two series of animals as were 
employed in those repres('nt^*<linfig8. 2 and 3. Fig. 4 is a continuation of fig, 2, 


5.0 f 



HOURS 

2 6 10 M 18 22 ”"15 30 34 S 42“ 

Fig, 4.— Transition from iutormodiato condition in darkness to dark and pale condition 
in light. Uppoi' series in bhuikened (u>ntainers, lower series in white oontainers. 
Temperature 22^ 0. 

the origin being taken as the point of illumination to continuous diffuse artificial 
light. On a black background the melauophores attain in about an hour a 
condition of average expansion similar to that of their final equilibrium con- 
dition. They continue to expand further for a while. Then they assume 
their final equilibrium about the time when the series placeil on white back- 
ground attained maximum pallor asymptotically 25 to 30 hours after the 
beginning of the experiment. In a repetition of this experiment on a second 
series of individuals to ascertain whether the apparent existence of a super^ 
normal phase in the series placed on black backgrounds was the fortuitous 
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mult of remforoemeat by the diurnal variation, the existence of the miper- 
nonnal phase was very decisively confirmed. The following protocol makes 


this evidmt : 

; 




Time. 

White baokgnmiidi. 

Black background. 

h. 

m. 




0 

00 j 

2 7 i 0*22 1 

1 2 5 

±0*19 

1 

30 ! 

2-76^:0 18 

3*5 

±016 

3 

00 1 

2-6 ±0\9 

41 

±0*15 

4 

00 1 

2*4 ±014 

4*2 

±016 

5 

30 

2*3 ±0*13 

4*4 

±015 

6 

55 i 

218 ±016 

4*4 

±016 

7 

55 

218 ±0*10 

4*6 

±0*14 

21 

25 

2*0 ±0*00 

4*6 

±0*15 

24 

55 

2*0 ±0 00 

4*4 

±0*19 

Kqaiiibrium vftlue 130 houm .. 

1*0 ±0 08 


±0*12 


It is worth while pausing at this point to compare the time relations of the 
transition from darkness to white and black background respectively, and the 
reverse operation as recorded in the pretieding section. From these experi- 
ments it is seen that the time taken to reach equilibrium in passing from the 
black-background equilibrium to the intermediate state is significantly greater 
than in the reverse process, viz., in passing from the intermediate condition 
characteristic of equilibrium in darkness to the black-background response 
in light. The time taken to pass from the white-background equilibrium to the 
intermediate condition in darkness is significantly greater than the time 
taken to pass from the intermediate condition in darkness to white-background 
equilibrium in light, The time required to pass from black-background 
equilibrium to the intermediate condition is much less than the time required 
to pass from the white-background equilibrium to the intermediate condition 
in darkness. The time required to pass from the intermediate condition in dark- 
ness to black-background equilibrium in light is less than the time required to 
pass from intermediate condition in darkness to white-background equilibrium 
in light. These conclusions may be epitomised by the aid of the following 
symbolism where b, w and i represent respectively the equilibrium conditions 
for black background, white background, and darkness, the arrows the direction 
of the process, and the usual conventions for inequalities are employed. 

> i—'^b 
w-~*i > i -*v) 
h — ♦ i < w — ► i 
i — ►h <r j ■ 
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I^ieae results are totsQy inexpliosble in terms of hypothesis (a) set forth in 
the introduction, and the evidence of two separate mechanisms of discharge is 
rmnforoed by the existence of the subnormal and supernormal phases. If 
mechanisms B and W arc both brought into play when the eye is illuminated, 
and the final result depends on the number of photo-receptors stimulated, the 
slower rate at which W subsides would necessitate a subnormal phase in passing 
from black-background in light to darkness, while the slower rate of develop- 
ment of W would necessitate a supernormal phase in passing from the inter- 
mediate condition in darkness to the black-background equilibrium. 


c. — Reversal of Background Response. 

We have now to consider what happens when animals which have attained 
the white-background equilibrhun arc transferred to a black-background and 
«ibe versa. Here, as before (see fig. 4), mechanism W comes into play much 
more slowly than mechanism B ; in other words, equilibrium is reached more 
rapidly in passing from white to black than from black to white. As would 
be expected, it takes much longer to attain equilibrium in passing from these 
extremes than in passing from the intermediate state to either condition. 
The time taken to pass from the intermediate level to the equilibrium state 
when the backgrounds are reversed in light is significantly greater than the 
time taken to pass from the intermediate condition of animals that have been 
kept in darkness to either type of background equilibrium. Thus if jj and 
»s respectively denote the intermediate condition of the raelanophores of an 
animal kept in darkness and an animal which is in process of passing from 
black- to white-background in light or vice versa, then 


and 


ig -* u- > ij -->• M’ 
ig -*b > ii -> b. 


On the other hand, it takes less time to pass from white-background equilibrium 
to the blaek-baekground equilibrium inlight than it does to pass from the white- 
background to the intermediate equilibrium in darkness (w — *■ b < w — ^ i\). 
On the hypothesis of two separate efferent mechanisms B and W, this restdt is 
again explicable. The first reaction involves the subsidence of W only, whereas 
^e second result involves the subsidence of W and the subsidence of B. 

Two expmments were performed and the results were perfectly consonant. 
Fig. 6 is based on the same series of animals as those used in the experiment on 
whmh fig. 2 is based. It will be noticed that there is no supernormal 
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phase in passing from white-background equilibrium to black-backgiound 
equilibrium. 

The entire series of data here presented arc incompatible with the hypothesis 



Fio, 5. — Reversal from white to blank and black to white ‘‘ background.'* Temperature 

17*^ C. 

that a single efferent mechanism, viz., the fluctuating secretion of the melano- 
phore stimulant of the pituitary gland, underlies the background responses 
of Xempi4s, There may or may not be two sets of receptors whose activation 
t/ond to produce opposing results. For the present it is an economy to assume 
that the number rather than quality of receptors brought into play is the* 
significant factor. [If this view is correct, it should be ])OBsible to establish 
a level of intensity at which a normal animal would become dark on a white- 

m 

background. Till this has been done, we cannot legitimately dismiss the 
possibility pointed out to us by Dr. Dale, who suggests that tbe black-back- 
ground response is a contrast effect.] In any case, there must be separate 
efferent mechanisms — using the term efferent without restriction as to endocrine 
or nerWus character of the process — underlying the white- and black-background 
responses. It is therefore possible to outline a working hypothesis in some 
such terms as these. When an animal kept in total darkness for some time is 
placed on a black-background the small amount of light reflected from its 
suiroandings stimulates some photo-rece|^jorB, bringing into piny medhanism B, 
t.e., increased output of pituitary secretion, and mechanism W at present 
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unknown. At first the effect of B overrides W, but as more photo-receptors 
are brouji;ht into play, i.e., when the field of vision is occupied by a light- 
scattering surface, tJke output of B reaches a limit before W, ho thit W overrides 
B. [Otherwise, adopting Dr. Dale’s suggestion that the black-background 
response dej^ends on the bict that the only retinal elements stimulated are 
those in the floor of the eyeball, it is {X)ssib1e that the latter l)ring B alone 
into play,] 

Alternatively, the small ainotmt of light reflected from a light-absorbing 
surface may inhibit W more than B, Then as more receiptors are brought into 
play the inhibition of B bec«nn<‘8 more complete than the inhibition of W. 

Sumumry of Part II. 

(1) An analysis of the time relations of the secondary response involved in 
the transition (i) from the black- to white-background response and nice versa, 
(ii) from the intermediate condition in darkness to the white- or blacjk-back- 
ground response and vice verm, provides evidence that the dermal melanophores 
of Xenopus Icevis are subject to a double endocrine control. 

(2) There is a diurnal rliythm of colour change in Xenopus independent of 
the visual receptors. 

Part III . — The Relation of the PUaiUmj (Hard to Colour Change in 

Xenopus Icevis. 

In seeking to elucidate' two separate endocrine factors in tlie secondary 
photic response the first issue which presented itaelf for enquiry was the 
identification of the agency controlling the black-background response. The 
secretion of the jKwterior lobe of the pituitary gland has already iKJon proved 
to be concerned in the darkening of the skin in Amphibia. Acc^o^dmgly 
at an early stage a laige stock of hypophysectomised animals was prepared 
for future use. A few preliminary remarks must therefore be made with 
f^erence to operative procedure. At the same time a brief reference may be 
made to the technique employed for estimating the potency of extracts of the 
|K)sterior lobe of the pituitary gland. 

(a) Operative Bemovat of the Pituitary Qlard. — ^The method employed was 
n principle essentially similar to that deaerifoed by Hogben for the removal 
of the pituitary gland in other Anura and in Urodeles. In Xempus it is not 
possible to see the outline of the pituitary gland through the thin translucent 
base of the skull as in other Anura and in Urodeles. To locate ita position 
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without extensive exposure it is necessary to apply the dental drill to a spot 
in the middle of the anterior margin of the common Eustachian orifice. Before 
doing so a median incision is made in the mucous membrane which is scraped 
away from base of skull. This procedure usually leads to loss of a good deal 
of blood if other precautions are not taken. Bleeding can be prevented by 
cauteriBing two large superficial vessels with a small electric cautery. Owing 
to the adherence of the mucous membrane it is easy to tear away large pieces 
of tissue in applying the dental drill. The mucous membrane was accordingly 
held back by a pad of rubber which covered the floor of the mouth. Little 
mortality occurred in operations during the cooler months. A high death 
rate ensued after removal of the pituitary, if the operation was performed 
during the hot season from November to March. In either case animals 
surviving the first 3 weeks after operation live indefinitely in the laboratory, 
and have been kept under observation for more than 2 years. After 3 weeks 
they were fed regularly once a week. The water was changed after fettling. 
Most of the operated animals employed in this investigation had been kept in 
the laboratory after operation for a much longer period of time tlian those 
which have been tested in previous investigations of the same kind. 

In preparing stocks of operated animals it was decided at the outset to 
prepare individuals from which the whole gland and others from which the 
anterior lobe only had been removed in equal numbers. The latter were 
originally intended to serve as controls. It will be seen later that they provided 
ulterior evidence bearing on the r61e of endocrine agencies in controlling 
pigmentary changes in Xenopus lavie. 

(b) Injection qf Pituitary Extracts . — ^In experiments involving injection of 
pituitary extracts a new departure has been made. Hogben and Winton 
have recorded the effects of injecting posterior lobe extracts into normal and 
hypophysectomised frogs. Their comparison of the reaction of the two groups 
was baaed on the minimal dose requisite to produce a macroscopic effect. In 
experiments recorded in this section a comparison of the effects of injecting 
pituitary extract into normal and hypophysectomised platanas was based on 
a more refined procedure developed in the coarse of this investigation and 
already described in detail by Hogben and Glordoa (1930). This method 
involves plotting a curve for the variation of the melanophore index with time 
after injection. It is a more delicate instrument for two reasons. First, as 
has been shown in the preceding sections, the microscopic appearance of the 
melaaophores can be described with greater predsion than the macroscopic 
effect. SecoD^y, both the intensity and persuitenoe d the effect are deter- 
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mined by the amount of active substance injected. The first of these merits 
further comment. Although it is true to say that in equilibrium conditiona 
the background response of the dermal and epidermal melanophores is the 
same in Xenopus kevis, the rate of change is not the same for both ; and though 
both react to pituitary extracts in the same sense their respective thresholds 
are not identical. For these reasons it is possible to encounter considerable dis- 
crepancies between the macroscopic appearance and the microscopic state of 
the dermal melanophores in experiments involving injection of pituitary 
extracts. There is no doubt that these discrepancies can be explained in the 
main by two circumstances. One is that the epidermal melanophores do con- 
tribute significantly to the macroscopic effect. The other is that epidermal 
melanophores are relatively much more numerous in some individuals than 
others. In some animals they are so few in number that they are difficult to 
find. In others they are more numerous than the dermal melanophores. For 
this reason attention has been directed almost exclusively to the dermal 
melanophores. To what extent the xantholeucophores play a significant 
part in the macroscopic effect it is difficult to say. No such consistency in 
their behaviour, such as that described in JBana, was detected in Xmopm 
Iwvis. In very pale animals that have been kept for a long time on a white 
background, and generally speaking in hypophysectomised animals, they are 
seen to be completely expanded. They are also sometimes seen to be very 
completely expanded in animals whose macroscopic appearance is as dark as 
possible. These discrepancies may be due to the fact that their rate of reaction 
is different from that of the melanophores or to the influence of agencies which 
do not exercise a noticeable effect upon the latter. In some animals they 
are so inconspicuous that it is not easy to observe how they behave. 

(c) Effects of Operative Removal of the Oland. — ^After complete removal of 
the pituitary gland, Xmopus lams remains pale on a black background 
indefinitely. Hypophysectomised animals and control series have been kept 
under observation for a period of more than 2 years. In the course of parallel 
investigations carried out in this laboratory (Charles, 1931), in connection with 
metabolic changes accompanying pituitary removal, and pigmentary effector 
activity, stocks of from two to three hundred animals have been kept under 
observation. Though the macroscopic appearance of hypophysectomised toads 
when kept on a black-background would be described as pole, a microscopic 
study of the melanophores indicates that normal anixnals kept on a white-back- 
ground are paler. There is a slight but significant difference in the melanophore 
inctex of the two groups. The melanophore index of normal toads aft^ prolonged 
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exposure to white-background is, moreover, significaiitly lower than that of 
the completely hypophysectomised animals, also placed on a white-background. 
This difference is shown in the, accompanying table which also discloses the 
fact that the primary response is indejanident of the pituitary gland. 


Reactions of Normal and Hypophyw^ctomised Toads. 
16"^ C. continuous illumination 10 days. 


White 

backgtxiund. 


Blaok- 

baekground. 


DarknMfi. 


Normal tondf* 1 -25 i 0't)9 ; 4 -54 + O Oil — 

Number 24 24 — 

H 3 rpophyeectomi 0 ed (both lobee) 9 , 

months after operation 1-64 hO lS 1-40 i 013 1*30 ± 0- 13 

Number 14 ( 13 | 15 

HypophyMttotomised (anterior lobe 

only), 4 raonthn afk«r operation 4*4 :K0vl3 

Number 13 


This slight difference in the behaviour of normal animals, exposed to a white- 
background and hypophysectomised animals exposed to the same conditions, 
would be inexplicable on the assumption that the co-ordination of colour 
response in Xempus is solely determined by the activity of the posterior lobe 
of the pituitary gland. On the other hand, the experiments already recorded 
have conclusively shown that there are two endocrine agencies involved in 
the pigmentary responses of Xenopiift, It is evident that what lias been called 
the B mechanism corresponds to the activity of the posterior lol>e of the pituitary 
gland whose importance in other Amphibia is well established. This con- 
clusion is confirmed by subsequent experiments on the effect of injection. Two 
hypotheses would accoimt for the new fact which is brought to light in the 
foregoing table. If the removal of the pituitary gland as a whole involves the 
elimination of the W mechanism it would be expected that the normal animal 
would, in favourable circumstances, be capable of more extreme pallor than the 
completely hypophysectomised animal. 

The simplest hypothesis would then be that mechanism W is identifiable 
with the anterior lobe of the gland. Alternatively it may well be that the 
activity of some other endocrine organ is determined by the presence of the 
pituitary gland. In this connection it may be mentioned that removal of the 
pituitary gland in tadpoles is accompanied by involution of the suprareiutl 
cortex (Smith). 
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That one or other of these hypotheses is correct is strongly confii’med by the 
behaviour of animals in which the anterior lobe alone was removed. This will 
be seen from the last series of the foregoing table. Removal of the anterior 
lobe in Xenopm is not so easy to perform as in Ram. It adheres by its anterior 
margin. In consequence it is easy to leave a small portion behind. Animals 
in which it was Hwm to have been completely removed remained dark on a white- 
background foT- 6 or () months after operation. Partial recovery occurred in 
some individuals. It could then be generally established by post-nicrtem 
examinations that regeneration had occurred. On the other hand, two animals 
kept alive for over 2 years aftt*r removal remained with their melanophores 
fuUy expanded in optimal conditions for pallor (Plate 3). Were it not for the 
fact that it has been possible to study the reactions of animals surviving for a 
long period afUtr operation, it might be possible to attribute this result to 
operative disturbance of the posterior lobe. The long continued survival of 
the operated animals makes it highly unlikely that such an explanation is valid. 
It would thus appear that in Xemtpm Iwvia the white-background re^sponse 
depends upon the presence? of the anterior lobe of the pituitary gland and that 
the black-background response depends upon the presence of the posterior 
lobe. 

It seemed desirable to extend the scope of the investigation to include the 
effect of removing one or both lobes of the pituitary in eyeU\s8 individuals. 
From the accompanying protocol the results of such experiments are seen to 
1)0 entirely consonant with the conclusions stateri above. 

Diffuse Light 17^ C. 


^fola^\ophort) index. 



Number 

t 



ot 

! 



iinimal)». 

j White- 

Blacks 



, background. 

background. 

iSynlass (pUuitary intact) 

Kyeless (anterior lobe removed 2 

months proviousiy) 

Eyeless (whole pituitary removed 5 j 

21 

21 

37 

4*9 


months previously) ! 

21 

— 

1 1-7 


(d) Injectim into Uypophysectotimed Toaib.— Injection of an extract of 
the posterior lobe of the pituitary gland in Xenoputf as in Ram evokes expansion 
the melanophores. Experiments on the effect of injecting pituitary extracts 
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into nomal and h 7 poph 3 r 8 ectonii 8 ed toads revealed a peculiar circumstance. 
The hypophysectomised animal has a lower threshold and the duration of the 
darkening produced is much'greater than is the case with the normal animal. 
This conclusion was so unexpected that a long series of experiments were 
carried out to test it. In some of these commercial extracts were employed. 
In others eictracts prepared in the laboratory from fresh bovine glands were 
used. The intraperitoneal method was adopted. All animals used in these 
experiments had been previously kept for a week on a white background. The 
commercial extract chiefly employed was that known as pitressin (Parke Davis). 
This is a highly concentrated extract of the pressor substance. The separated 
oxytocic principle Pitocin has no action on the melanophores. Three repre- 
sentative protocols will be cited. 

(1) Fifteen normal and 16 h 3 rpophysectomised toads each received a dose 
equivalent to 0*4 pressor units of Pitressin. For the normal group a maximal 
effect was reached at about 4 hours with a melanophore index of 4'1. The 
maximal effect for the hypophysectomised toads was not reached until 6 hours 
from injection had elapsed, the melanophore index being 4*0. Twelve hours 
after injection the melanophore index of the hypophysectomised group was 
3*1 and of the normal 2*0 (see fig. 6). 

(2) To emphasise the difference in threshold a lower dosage was administered 



in a precisely parallel experiment (fig. 7). In this esperiment 0-2 pressor 
units were injected into each individual. The maximal value of the mdano- 
phoM index of hypophysectomised group was 3'6. That of the oontrdi group 
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Wfts 2-9. Thirteen hours after injection the hypopbysectomised group had 
reached 3*0, the normal group had come down to 1*7. 



There is an obvious objection to tiny conclusive deduction from the foregoing 
experiments. The posterior lobe of the pituitary gland has been shown by 
Krogh and his collaborators to control the state of tone of the capillaries. In 
this investigation as in Krogh’s exjieriincnts it was frequently observed that 
the capillaries of hypophysectomised animals were dilated. It would therefore 
be expected that injection of pituitary extracts containing the pressor principle 
would constrict the peripheral vessels of the normal animal to a greater extmit 
than those of the hypophysectomised animal. Constriction of the vessels 
would naturally tend to mask the effect ot the melanophore stimulant 6. This 
ambiipiity in the preceding experiments can be eliminated. Hogben and 
Gordon (1930) have shown that the pressor and melanophore activities of 
posterior lobe extracts depend on different substances. The pressor activity 
can be completely destroyed leaving the melanophore activity intact. Indeed 
the meluiophote activity of posterior lobe extracts is increased when the pressor 
substance is destroyed, lliis would be expected from the considerations which 
have been advanced in the foregoing remarks. To place the issue on a more 
secure foundation experiments were conducted to test the action of extracts , 
in which the pressor substance had been destroyed. 

(S) To an aqueous solution of ^tressin an equal quantityof 2 * 5 mcAar sodium 
hydtmiide was add:ed. This was allowed to stand fmr 3 hours in tire cold, 
ucutirsdishd with hydrochloric acid, and diluted to the appropriate strength for 
voi.ovin.— B. D 
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injection. The dose injected into eight normal and eight hypophTaeotomieed 
toads (females, average weight 72 grams) was equivalent to one-tenth cubic 
centimetre PitressiiL As will be seen from fig. 8, the melanophore index of 
the hypophjrsectomised group 10 hours after injection was 4*0, that of the 
normal group had come down to 2*0. Twenty-two hours after injection the 
melanophore index of the hypophysectomised was 2*8. 



The results of the experiments recorded above do not resemble earlier 
observations on the injection of posterior lobe extracts into normal and bypo- 
physeotomised frogs. Hogben and Winton (1923) found that the minittial dose 
for hypophysectomised frogs was higher than for normal ones. Several 
explanations of this discrepancy might be advanced. One is that in Hogben 
and Winton’s experiments animals were injected soon after operation. All the 
uiimala employed in the forcing experiments had been living in the labfHatory 
for at least 9 months after operation. There seems to be only one apparent 
explanation of the greatra sensitivity of Xenojm to pituitary extracts after its 
pituitary gland has been removed. If the removal of the anterior bbe of the 
pituitary ^nd eliminates tiieW mechanism which has been postulated in Part II 
of this communication, it is easy to see why this result should occur. In the 
hypophysectomised animal the B substance injected into the circulation is nqt 
antagonised by the presence of W substamoe in excess. On the other hand, it 
is not reinforced by the B substance already present in the normal animal 
Thus the hypotheses that two endocrine agencies are involved in the etdour 
reqKmses of Xenopu$ Ubvu is fully compatible both with the obaervations on 
tiie elects of injection of pituitary extract on nomud ai^ hypophysootomised 
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frogH aa recorded by Hogben aad Wiaton, and with the contrary result obtained 
in experiments on Xenopm Icsvia here described. In any case tine peculiar 
fact that the completely h}rpophysectomised clawed toad has a greater rather 
than a lower sensitivity to posterior lobe extracts as compared with the normal 
animal reinforces from an unexpected soimse the conclusion that the W 
meithsnism is closely associated in some way with a part of the pituitary gland 
and almost certainly not the same part as that which is identifiable with the 
B mechamsm. 

(e) The Morphology of the PUuilary Gland of Xenopus. — ^Experiments on 
Sana ftueigula cited in Part 1 show that a double endocrine mechanism also 
exists in Rana as well as in Xenoptts. Hogben and Winton did not find that 
removal of the anterior lobe alone resulted in permanent darkening of the alriii 
in their experiments on Rana temporaria. We have removed the anterior 
lobe from 30 individuals of iZana fusdgula. All showed a generalised condition 
of melanophore expansion for several days after operation. They eventually 
regained their power to exhibit the reaction of pallor to white-background. 
We were thus led to enquire whether there exists any morphological difference 
between the anterior lobe of Xenopm and Rana. 

The anterior lobe of the frog can be easily detached from the rest of the 
complex both by a fine jet of fluid or gentle lateral pressure with a needle. 
That of Xenopm obstinately clings to the stalk by a tapering process inserted 
into the cleft extremity of the tuber cinereum. This process which is labelled 
as the basophil area in the accompanying figures (fig. 9) and photomicrographs 
(Plate 4) is histologically differentiated from the rest of the anterior lobe by 
its lobular structure, highly vascularised character and freedom from oxyphil 
cells. In Rana and pare uAeralie is represented by paired plaques of ghmdular 
tissue which are situated on the tuber cinereum quite separately from the rest 
of the gland. It has been shown by Atwell (1919) that these paired structures 
are absent in Urodeles. The anterior lobe is continued forward over the tuber 
omareum as a pair of processes composed of basophil obUs which are not 
actually separated from the pare anterior proper. Atwell and De Beer identify 
this continuation of the anterior lobe over the tuber cinereum in Urodeles with 
the pan lubsralw. Our own sections led us to conclude that the pituitary of 
Xenopm » of the salamandtine type. 

The hypotiiesis that the W mechanism is located in the pars tuberaUe would 
acoonunodate all the discrepancies discussed in tiie preoedii^; pages. The 
operation rff hypoph 3 rBeotomy devised by Hogben removes the pars anterior, 
pare intermedia odA pare nervosa, but not the pars tuberaUe in /Zona. If we 

» 2 



86 L. Hogben and D- Slome. 

fight in believing that the pituitary of Xenopus is of the Urodele type, 
hypophysectomy in Xmopus involves in addition the removal of the pars 



Flo. 9. — ^I'nins verso sections (plane at right angle to long axis of the brain) of the pituitaiy 
body of Xmopus — A through anterior extremity, B middle. C poaterior. B and £ — 
Longitudinal sectkms of the pituitary of Xenopm in vertioal and tangential planet. 


luberalis. We know that the B subetance is located in the pars intermedia 
If the W substance is located in the pars tubaralis the circulation of a hypo- 
physectomiacd Earn, contains the W but not the B substance, while that of the 
completely hy|>ophyscctoinised Xenopus contaiiui neither B nor W. 

Injection of boiled acid or alkaline extracts of ox anterior lobe does not 
induce pallor in Xempus. The injection of boiled add extracts of the stalk 
of the bx pituitary, on the other hand, into dark animals was always found to 
produce a drop in the melanophore index and in some cases to induce macro- 
scopic pallor. This result was never obtained with extracts of brain tissue, 
but we hesitate to make the definite statement that the pars iuieralts of tiie ox 
contains a specific substance which promotes ^e omitxaction of amphibian 
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melanophores, beoauae we have been unable to obtain macroscopic pallor in 
all individuala of a batch iujectod at any one time with extracts of this material . 

It may be well to recapitulate the argument developed in this section in 
more concise form. Removal of both lobes of the pituitary gland in Rana leads 
to permanent maximal pallor. In Xenopm it leads to permanent pallor but 
not to maximal pallor. Removal of the anterior lobe alone leads to {>ermanent 
and maximal expansion of the melanophores of Xempus. This result does 
not occur in Rami, Afttjr removal of both lobes Xefiopiis is more sensitive to 
the B substance, whereas liana is less sensitive to the B substance. If W is 
associated with the jmrs iuheralw removal of both lobes in the frog would 
result in removal of B without removal of VV, while removal of both lobes in 
Xenopus would result in removal of B and W. If W is associated with the 
pars tvberalis, removal of the anterior lobe in Xenopus would involve removal 
of W without removal of B, while in Itana it would involve removal of neither 
B nor W. If W is associated with the /xi/vf tuheralis a hypophysectomised frog 
having no B anil have a higher tlireshold for the B substance because W is 
still present in the circulation ; wliereas Xenojjus might have a lower threshold 
after removal of both lobes. be(?ause the circulation contains no W to antagonise 
the action of B. 

iiumrnary of Part III. 

(1) XerwpuH Imvis can be kept alive indefinitely after removal of th«» whole 
pituitary (complete hypophyseciomy) or of the anterior lobe alone. Such 
animals have been kept under observation in the laboratory for a period of a 
little more than 2 years. 

(2) Removal of the whole gland abolishes tlu^ black-background response, 

(8) Removal of ‘‘ anterior lobe alone abolishes the white-background 
response in Xenopm but not in Uami fascigula, 

(4) The difference in behaviour of Xenoptis and Bam is correlated with a 
structural difference in the pituitary gland. In Xenopus the pars tuberidis 
is included in the anterior lobe. In Ram the pars anterior and pars tttberaUs 
are quite separate. It is therefore suggested that the W substance is contained 
in the jmrs 

(6) Hormal animals after prolonged exposure to a white-background ana 
slight^ paler than completely hypophysectomised animals in the same sitmi- 
tk)ti. This is explicable on the assumption that the W meohanism is dirCiOtty 
or indirectly dependent on the activity of the “ anterior lobe as' suggested 

(9) fli poitterior b ext^ts into completely hypophytoot<MnMed 
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dawed toads pioduoes darkening as in frogs. The removal of Ihe whole 
gland readers the animal more sensitive and not less sensitive to the injection 
of pituitary extracts. This could be explained on the assumption that B 
substance introduced into circulation is not antagonised by the presence of 
W, if the W mechanism is dependent in some way on the anterior lobe of the 
pituitary gland as indicated in (3) and (4). 

(7) The primary response is indepemlent of the pituitary gland. 

Part Vi. — The ReUuiofi of the Nervous System to Colour Change in 

Xenopus Itevis. 

The data presented in Part II make it well nigh impossible to entertain the 
view that the pituitary secretion is a static condition essential to the proper 
exercise of a dynamic nervous control. 

It is now proposed to bring forward direct evidence (a) to show that the 
secondary or eye-co-ordinated response of Xenopus can be brought into play 
independently of efferent nerves supplying the skin ; and (h) to determine 
whether the nerve supply of the skin plays a significant rdle in the primary 
response. 

(a) Relation of the Nervous System to the Primary Response. 

In strUdug contrast to the slow development and subsidence of the secondary 
and co-ordinated photic respemses for which the eye is the receptor organ the 
primary response, which is best studied in the eyeless animal, occupies between 
30 minutes and three-quarters of an hour. From the time relations of the 
{wimary response we have nothing to guide us in deciding, whethoc it is (a) 
a simple reflex, (h) partly reflex and partly endocrine, or (e) a direct reaction of 
the melanophores themselves to lif^t. At first sight the last hypotheris seems 
the most likely. On the other hand, it has been shown by Parker (1904) that 
there are photoreceptors in the sldn of Amphibia, since eyeless frogs show 
phototropio behaviour. Unpublished e:q>eriments by Zoond in this labora- 
tory prove that this conclusion applies to Xenopus Items. The seo<md hypo- 
thesis cannot be excluded conclusively, bnt the experiments reewded in the 
preceding section eliminate the pituitary frmn any part in primary respmue. 

It has been shown that the primary response is manifest in tire oomjdetdy 
hypophysectomised animal. It is now necessary to decide between the first 
and the last hypoftheses. 

If there is a periiflieral nerve supply to the melanoidiOKeB of Xwopm, a 
simple i^ex depending upon photorecepfrns in theddn mi^t be fhe explana- 
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tion of the primary tesponee. To test this the spioal cord was oomplet^y 
destroyed in 24 animals. The temperature of the room was 19° C. The webs 
were spread out and 12 animals were placed in darkness, the others being 
placed in white containers in bright light. At the end of 1 hour the conditions 
of the webs of the two series was recorded, the figures being : — 

Darkness 2'1±0'14 

Light 2-4 nt 0-14. 

The two series were then reversed and a second record taken after 2 hours. 
This resulted in the following data : — 

Darkness 1 • 9 ± 0- 14 

Light 2-26 ±0- 19- 

The consistency of this result seems to yield fairly conclusive evidence in 
favour of the view that the primary response is completely independent of 
the C.N.S. as well as of the pituitary. This amplifies a previous statement 
that the primary response of Xenopus is essentially like the Reptilian response 
to light. The photic response of Reptiles is due to direct action of the light 
on the melanophores without the intervention of any system of co^rdinati<m. 


(6) Effects of Nerve Section on the Secondary Response. 

The precautions necessary in the interpretation of experiments on nerve 
section have been mentioned. An experimental precaution too often over- 
looked by previous workers is the desirability of working with animals that 
have completely recovered from operative disturbances. In selecting Xenopus 
for a more extensive investigation of the control of Amphibian colour change, 
benefit has been derived from the experience of Professor Jolly, whose work has 
shown that Xenopus is particularly well suited for survival e]q>eriment 
involving section of nerve trunks. Various types of experiment were carried 
out. Three only will be described in detail. 

(i) Section of Uie Optic Nerve. — In view of the recent work of Perkins (IV2S) 
on Omstaoean efaromatopbores it seemed worth while to compare the efiects 
of seorion of the optic nerve with the effects of total removal of the eyes. 
Perkins has published an account of experiments which suggest that the 
emstaoean eye contams secretory elements which exert a hormonio influnuoe 
on colour change. The results of experiments undertaken witih this end in 
view indioate that the eye exercises its influence on colour response in Xenopus 
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lmi» exclusively through impulses initiated in the retina and transmitted by 
tbe optic nerves to the brain. 


Alter 12 woeko on After 5 on 

black- hackground. whito^lmckground • 

Optic nerves cut at chiaanm (11 toada) 3*7 10 *1 3*7 0*1 

K^less (14 toads) 3*3 0*2 


The above record was taken at 15"^ C. in diffiusc Jight. Aqueous extracts of 
the eye did not yield results analogous to those recordetl by Perkins. 

(ii) Section of ilte Sciaiic — The entire sciatic plexus of one side (left) 

was destroyed in six toads. After 3 weeks tlu^ incision had healed and the 
circulation of the web was not noticeably deranged on the operated side. The 
following readings were taken, the initial time being 3 weeks after operation. 
Where readings were taken at midnight the fact has been iiotel, m demon- 
strating the “diurnal variation^’ elsewhere describtHl, 


Time, 


Left leg (pamiyHcd). 

Kight leg (normal). 

0 (HI 


2*16 

2 10 


TrauHfciTtfd U» b)fiok>l>aokgrouiid (0*00) 


2*30 


3*82 

3*82 

500 


4*33 

4*3:i 

13 *0(1 (midnight) i 

1 4*0 

4*0 

24*30 


1 45 

4*5 


TraoDferrcd Uj white- backgmund (24*30) 


32*00 


2*0 

2*0 

37*00 (nudiiight) 

1*0 

1*0 

50*00 


2*0 

2 0 

61:30 (midnight) 1 

1*5 

1-5 

76*30 

1 

1*6 

1*6 


TrMiHicrred to black-biickgrciund (70 *30) 


81*30 


3*7 

3*7 

120*00 


I 

4*8 


Tratitfermd to white-backgruund (.120 ‘(Ki) 


216 00 


1 »•» i 

1*3 


Tramferrsd to black- background (216*00) 


276*00 


4*0 

4*0 

286*00 


4*16 

4*16 


From these data it is seen that there is complete agreement between the 
behaviolir Of the two limbs even as regiu*ds the diurnal variation> which at 
fi^ sigbtsiiggeid»a <mditioned^^^r^ To make ceortain tl^t tb^ 
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at the aame rate further records were taken at shorter iatervals 6 weeks after 
operation. 


On whit»' background. 


Time. 




Right log. 

Left (operated) lag. 

0*lM) 

1 1.5 

1*5 

1-00 

Trafint^rred to black-baokground 
3*0 

30 

3*00 

3H 

3*8 

4*30 

4*0 

4 0 

9*30 (midnight) 

3-8 

3*8 

19*30 

4-3 

4*5 

22*30 

4 0 

4*H 

31 *30 (nearl^v 

4-0 ; 

4*0 

midnight) 

000 

Six dny« laUo’oii black- imckgmund 

i ‘ ! 

4 0 

6-00 

'rraastemtd to white- background 
! 2*2 1 

2-2 


Again the diurnal variation is well shown in both logs, and there is no 
discrepancy as regards the rate of reaction. This is not surprising, sbce the 
circulation in the operated limb seemed to be restored to its normal condition 
raaoroscopically. From this it appears that the diurnal variation, if a con* 
ditioned reflex, is a conditioned reflex of the secretory activity of the pituitary 
gland. 

(iii) Section of the Spiml Cord.— It is an easy matter to cut the spinal cord 
of Xmopug at the level of the third spinal nerve and obtain a spinal preparation 
which will survive for some months, if kept in a moist container. At a high^ 
level spindl transection is extremelydifliculttoexecute without fatal consequences 
within a few days after operation. We have been able to sever the cord above 
the level where the first spinal nerve emerges, and keep the operated a nimal s 
alive sufficiently long to show that this operation is comi>stible with the 
compete exercise of the “ background ” reaction. The time relations of 
colotv tdiange are invariably modified. This might well be expected from the 
enSuhkg vasomotor disturbance. Tj-pical protocols are as follows, the tempera* 
ture being IS to 17" C. '}' 
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(a) Section of the spinal cord between the oooipat and the atlas vertebra ; 
and anterior to the first spinal nerve. 


TnKwfemdto blaok^bAokgrouiKl 

TfADBfomd to white-bftokgroQiMi.. 

Timndemd to hlsck^bftokgrotmd. 

Tnnafemd to wkite-baokgromid 
Tnamfemd to blsck^background.. 


(b) Same level as (a). 


a sItM opsmtlon. | Dbiaiiopbom index. 


16 

1*0 

16 

2*5 

17 

3*0 

18 

4-0 

19 

2*0 

21 

2*0 

28 

4*5 

24 

4*6 

26 

1*6 

27 

3*6 

28 

4*0 

20 (antopey) j 

-- 


SHyB tdimr opomtion. Melanophoio index. 


Tranafemd to black- baokgrouiid 

16 

1*0 

18 

30 

Traailened to white- background 

19 

4*0 


19 (4 bourn 

' later) 

1*0 

Tmnaferrad to black -backgrouncJ 

1*0 


23 

24 (autopey) 

2*0 


(c) »Same ah (a) and (6). 


j Dftyt altar operation. 


Melanophoce index. 


Tiamferred to bUok*baokgioiiiid... 
Ttaneferred to white-baokground ... 


5 

7 

9 

10 

11 (autopey) 


20 

30 

4*5 

20 


(d) Section of the epinal cord between the axis and atlas, but also in front 
of the first spinal nerve. 

Days after operaUofi. i Melanophore index. 


Ttanilorred to black«baokgiouiid.. 10 2-0 

Tiaiisfened to idiitt-bnekirotiiid 14 4 6 

Tranelerfad to wblte^baoksioiiiK) 15 1*6 

16 8-0 
17 (antopey) 
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In the next series protocols of animals in which trauseotion at lower levels 
was carried ont will be inclnded. 


nerve 



fitlir S^***** 

Mswvs* 



Fio. 10. — ^Diagrams to show levels of transeotion m experimento tBOorded in text, 

(e) Section of the spinal cord between the first and second spinal nerves. 


Days after operation. Melanophore Index. 


Traatlerred to blaok-background.. 10 1 »0 

Tiaoafemd to wUte-baokgrouncl 19 4*6 

Tmnafemd to blaok'baokgroiind 20 1*5 

21 3*0 

22 3*6 


23 (autopey) 


(/) Seotioti of the Kpinal cord between the second and third spinal nerve. 


tlimfemd to blaok*baokgroiind. 
XtaMiemd to wldte*baokgronnd. 
Tiemfened to bbok-baok^Nnmd. 
Tfttiifderfed to wldte-baokground 


Daya after operation. ^ 

1 Melanophofo index. 

i 

» 1 

!•« ■ 

16 1 

#•0 

17 j 

>•0 

18 

s>0 

19 

S-5 

20 

t'O 

21 (autopey) 
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{g) Same level hh (/). 


Traiuifemd to black- background 
Tmusfoirod to white-background . 


Days after operation. I Melanophore index. 


10 

1*0 

14 

4*6 

16 

3*0 

21 

2*0 

24 (autopny) 



(A) Three animals survived the operation of trausection of the cord at the 
level of the 7th, 8th and 9th vertebrse together with section of the sympathetic 
chain. Their behaviour was uniform, and it is therefore permissible to give 
the figure in averages. The time is here reckoned from 3 weeks after operation. 


Trarwferppd to whito-bnckground. 


Tratisferrod to black- background.. 


Tramferred to white- background 


Time (houni). 


0(K> 

230 
6 0 

13*(M> (midnight) 

24-30 

32*00 

37*00 (midnight) 
60*00 

01*30 (midnight) 
7«*30 
81*30 
120*00 
2l«*tH> 

276*00 
288 W) 


Melanophore index. 


4*3 
2*0 
1*7 
1*7 
1*7 
1*3 
1*3 
1*7 
1*3 
1*6 
3 0 
3*7 
4*0 
3 3 
1*3 


The exact definition of the level at which section of the cord was carried out 
WHS made by poH-mortem examination. The neuromuscular reflexes of the 
operated animals give some indication. Pressure on the tips of the digits of 
the forelimbs evokes withdrawal of the hind leg in toads in which the cord is 
transected in front of the emergence of the third spinal nerve. Blinking of 
the eye to the same stimulus occurs if the section is posterior to the second nerve. 
In animals in which the section bM been made between the seopnd and third 
nerves, which together form the brachial plexus, reflex movement in botb 
oandad and cephalad extremities can be elicited. Only animals in which a 
corneal reflex could be elicited were kept for observation. 

The foregoing experiments conflrm the previous statement that the diurnal 
variation (seen in (A) ) is independmit of the peripheral nerves. Two features 
call for special comment. The first is that the blaok>twokgrouad reaponiie Of 
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spinal animals is abnormally sluggish. The second is that the blaok>baok* 
ground response rarely procMjeds to the limit of completion reached in normal 
toads, though macroscopically the operated animals were indistinguishable 
from normal ones. The sluggishness can only be interpreted in terms of 
circulatory disturbance which was evident from the dilation of the blood 
vessels. 

The animals referred to as (6) and (h) never showed the extreme expansion 
(5-0) which is characteristic of the normal animal on a black*ba(ikgrmmd. But 
the white-background response which is more rapid than in normal animals 
(see especially (6) ) was complete. In observing the responses of animals in 
which the C.N.»S. was cut at the level of the 1st, 2nd and 3rd vertebrsB, it was 
noted that in a few animals a complete macroscopic reaction to white 
background by pallor did not occur. The raelanophore index varied 
between 5 and 2*5 or 3*0 when the animals were transferred from black- to 
white-background and eiVc These animals which never became com- 

pletely pale in outwar<l appearance gave the complete response to black-back- 
groimd. The last protocol to be cited refers to an individual of this type. 


(j) Section of the spinal cord between 2iid and 3rd vertebra3. 


Traniiforred to block* background 
Tranaforrad to wfaito-biickgrouiid 
Trannferrnd to black* background 


Days after (operation. 


27 

28 
21 ) 

,S1 (autopay) 


Molanophore index. 


2*6 

60 

2*5 

5*0 


It has been remarked that the operation was accompanied by a considerable 
general disturbance of the circulatory system as indicated by the state of the 
capillaries in the web. Where a double endocrine mechanism exists, it is 
impossible to predict whether a generalised condition of capillary dilation would 
reinforce the black-background or the white-btujkground response. Whatever 
is the true explanation, the incomplete responses of some operated animals 
after spinal transection certainly cannot be used to support the view that 
the melanophores of Xenapus are directly innervated like those of Amphibia 
and I&hes. Nerve section and spinal transection in Fishes and Reptiles are 
accompanied by purely segmental disturbances. The segmental phenomena 
have been recorded photographically by Hogben and Murvish (1927). Even 
if it had imt been sho^^ some animals will go through the entire range of 

odour response after transection in front of the first spinal 
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Aearve, gadi geaecalised disturbanoeg m those to which we have diieoted 
attention, conld be quoted with mote oogencf as an argument against rather 
than an argument in favour of the hypotiiesis that the melanophotes of 
Amphibia are directly innervated. The foregoing experiments do not prove 
tiiat Amphibian melanophotes have no peripheral nerve connections. They 
do show, however, that the phenomena of colour change can be interpreted 
without recourse to such an assumption ; and they provide cruciai evidence 
for the view that the secretory activity of the pituitary g^d fluctuates with 
external conditions, and is not merely a static condition for the ezerdse of a 
direct peripheral nervous oontirol over the pigmentary effector system. 

(c) Disemnon. 

In a recent communication Kropp (1928) has reopened the question of nervous 
oontnfl of the pigmentary effector system of Amphibia. He describes ezperi* 
ments which he regards as incompatible witii a conclusion stated elsewhere 
by Hogben (1924). This is that “ the regulation of colour response by fluctu- 
ating pituitary secretion is adequate to interpret all the accredited phenomena 
in Amphibia.” He appears also to imply that Hogben denies the existence of 
nervous control of the pigmentary effector eystem. Dr. Eropp’s com- 
munication contains, with one exception to be mentioned later, no new data 
bearing on this problem. It seems desirable to reaffirm somewhat mote 
explicitly the position previously adopted by one o! us and confirmed by the 
results of this enquiry. 

The independent work of P. £. Smith, Hogben, Hogben and Winton, Ktogh 
and his pnpils, Houssay and others has now established beyond doubt the fact 
that the pituitary gland is essential to the rhythm of colour change in adult 
and larval Amphibia. The fact that the eyes are the recepton for the 
“secondary” light reaction is also established. A large literature dealing 
with data bearing on the supposed direct innervation of Amphibian melano- 
phores reveals complete disagreement between the testimony of different 
workers with regard to the most vital points. The direct evidence of Ero|^ 
and Houssay has shown that the quantity of eiroulating hormone is rarely 
if ever in normal oiroumstanoes much below the necessary thretiiold for 
expansion. Qivm the fact that pituitary seucetion is necessary to tiie expan- 
sion of Amphilmn mdano^unres, it follows that reduomg the blood supifly 
of a regim of the body, when the melanophores are eipaiulad, may evoke 
contraction, whUe incoeasing it in the pale animal may call iortii expansicB, of 
the qralanophores of the part affected. Sinoe the stimulation of any netye 
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in Idle vertebrate body generally evokes vaaoconatriotion, while oeoticm 
nerves is usually followed by dilatation, no eiqperiments can oondusively 
prove the direct innervation of the melanophores unless the effects of stimu- 
lating or of excluding the influence of vasoconstrictor fibres is eliminated. 

Eropp’s paper, like the earlier work of Hooker, ^ves ample illastration of the 
importance of vasomotor effects in the interpretation of his results. After 
section of the sciatic nerve he finds that “ for 2 days after the operation the 
operated leg reacts normally except for a slight lag in time ” (p. 293, italics 
inserted). On p. 297 he notes that after section of the sciatic the operated leg 
did not become as pale as its fellow after injection of adrenaline into the circu- 
lation. On p. 304 he states that “ no change was observed following simple 
transeotiou of the sciatic plexus . . . synchronous colour changes occurred 
with only a slight lag comparable in every way to that which followed cutting 
the sciatic nerve.” On p. 306, after describing the effect of spinal transection 
in the tail of the tadpole, he notes that the expansion of the melanophores 
“ is not permanent as in Fundulus.” which has an undoubted innervation of 
the pigmentary effector system. 

All the foregoing experiments provide suggestive indications that the 
phenomena with which Kropp was dealing are capable of quite a different 
interpretation from that which he advocates. The line of evidence upon 
which he diiefiy relies is derived &om stimulation of the sciatic plexus and its 
associated sympathetic components. It is difficult to follow the reasoning 
on p. 306 where Kropp states that “ these cases show conclusively that co- 
ordination of the melanophores occurs through sympathetic fibres.” In 
these experiments the sciatic nerve alone, the sympathetic roots associated 
therewith alone, and the entire plexus were stimulated. In aU cases some degree 
of pallor was obtained. When the entire plexus was stimulated the maximal 
effect occurred. The pigment coils showed “ a very disorganised appearance ” 
and ” they appeared to be broken.” There is nothing to indicate that this 
effect was a reveraible one. On what grounds does Kropp asspme that these 
are not vasomotor effects ? He tells us, “ when circulatory disturbance was 
unavoidable extreme care was exercised with the control leg. Bailing the 
actual stimulation or cutting the control leg was subjected to the same opera- 
tions and conditions as the experimental leg.” From this it would iq)pear 
tiiat Kropp has entirely failed to appreciate the fundamental issue. It is 
impossible to cut or stimulate any peripheral truiffi without affecting its vaso- 
motor oompments. The procedure which Kropp adopted oouM not possibly 
avoid tite intervention of circulatory distiubances. These were unomitroUed, 
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however great the care adopted to sabjeot the “ control ” leg to similar treat- 
ment. Curiously Kropp gives no indication of having made personal observa- 
tions on the dilatation of the^ capillaries of the web such as have been recorded 
by Krogh and by Hogben (1924). Had he done so he would have obtained 
direct evidence of the ubiquitous presence of vasomotor components in peri- 
pheral nerves. 

Two minor points in Kropp’s communication demand brief (ioniment. 
Referring to observations on the retinal pigment cells he states “ it is remarkable 
that the melanophores of the operated eye do not expand with those of the 
control eye, if the adaptation to darkness is co-ordinated through the presence 
of pituitrin in the blood.” As a matter of fact, Hogben and Winton have 
recorded the observation that the retinal pigment cells do not react to pituitary 
extract in the same way as the melanophores of the skin. This criticism has 
therefore no evident bearing on the question. The second point arises in 
connection with the following quotation, which suffices to show that Kropp 
has not read with great care the series of papers which he cites in his literature 
list, and more especially one in which Hogben deals specifically with every 
issue raised in his paper (Pigmentary Effector System — IV). “ In the frog,” 
he writes on p. 312, “stimulation with a weak faradic cmront of the cloaca, 
lips, surface of the mouth and nictitating membrane of the eye, causes blanch- 
ing over the entire animal within 6 minutes. These results are in entire accord 
with the conclusions of Hogben (1924) regarding melanophore contraction 
under similar conditions, and, like Hogben, 1 conclude that this type of co- 
ordinated melanophore reaction is definitely brought about by means of adren- 
alin secreted into the blood stream.” There are three comments which it 
seems appropriate to rqake in this connection. The first is that Hogben has 
never recorded melanophore contraction under similar conditions. The second 
is that it certainly does not occur in Ram fuscigtda, or in Xenopus Icema, the 
only two species of Amphibia that have been accessible for the present investiga- 
tion; nor, it would seem, does it occur in Bam temponma, the species on 
which the work of Hogben and Winton and of Hogben was based. The third 
is that in none of his publications has Hogben expressed, or apparently enter- 
tained, the conoliudon that adrenal secretion plays any significant port in the 
regulation of the chromatic function in Amphibia. On the other hand, if 
Dr. Kropp’s observation were correct, it should provide him with a critioal 
experiment which would be adequate to settle the question. In the chameleon 
srimnltition of the cloaca does rever«»% produce generalised pallor witiiin a 
few Imnates both in the intact animal, and in the posterior, severed portion 
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of the trunk after evisceration, so that all circulatory effects are excluded. 
Hogben and Mirvish (1928) have recorded this phenomenon in the chameleon, 
with photographic reproduction of a typical experiment. Photographs of 
similar phenomena in the frog would go far to disposing of any remaining 
doubt as to the direct innervation of Amphibian melanophores. Till such are 
produced, it suffices to reaffirm the conclusion stated by Hogben (p. 265, loc, 
ciL ) : “ it is not easy to prove a negative, and to deny that Amphibian melano- 
phores are subject to direct innervation would not be justified, but in the 
light of the new evidence one can approach the question without a strong pre- 
disposition in favour of the positive attitude.’’ 

Summaiy of Part IV. 

(1) The section of the entire nerve supply of the hind limb in Xempus does 
not interfere with normal coloiir response to photic stimuli. 

(2) Spinal transection in front of the first spinal nerve is compatible with a 
complete background ” reaction in the melanophores of the hind limb. 

(3) At no level is spinal transection accompanied by segmental chromatic 
changes. 

(4) Section of the optic nerves at the (jhiasma evokes the same result as 
removal of the eyes. 

(5) The primary response is not dependent on the C.N.S. It appears to 
be a direct reaction of the melanophores to incident illumination. 

(6) The diurnal rhythm is not dependent on the peripheral nerve supply 
of the skin. 

(7) There is no need to assume that the nervous system plays any part in 
Amphibian colour clrnnge other than in transmitting the stimulus from the 
eye to the pituitary gland. 

Part V . — General Conclusions, 

The experimental data have already been summarised at the end of each 
section. A brief statement of the main conclusions which have emerged 
from this investigation will therefore suffice. 

(1) Two separate endocrine agencies co-operate in the co-ordination of 
colour change in Xenepus leevis. This conclusion is sustained by several 
quite independent lines of evidence. Its cogency has became increasingly 
9trei]^ened as the investigation developed. The three most important 
reasons for advancing the existence of two distinct endocrine agencies are (a) 
voh, ovm.— B. » 
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the “ intermediate ” condition of the melanophores of the eyeless animal 
interpreted in the light of the observations recorded in Part IV ; (6) the analysis 
of the time relations of the visual response set forth in Part II ; (o) a study of 
the threshold of normal and hypophysectomised individuals injected with 
pituitary extracts containing the B substance or “ melanophore stimulant ” 
of earlier communications in this series. That this type of co-ordination is 
generally found in Amphibia has not been proved conclusively. The observa- 
tions of Laurens on Urodele larvae together with our own, at present unpublished 
studies on Jiam fusciffula, strongly support the view that Xenopus is a peculiarly 
favourable species for demonstrating a characteristic of the chromatic function 
common to other Amphibia. 

(2) Granting the conclusion stated in the preceding paragraph, it will be 
asked whether the two agencies involved in the chemical co-ordination of the 
visual response can be defined in more precise terms. One of these which has 
been referred to as the B substance is involved in the black-“ background ” 
response. Evidence submitted in Part III sustains the conclusion that sub- 
stance B is the “ melanophore stimulant ” which has been made the subject 
of previous investigations by Hogben and Winton. The B substance appears 
to be manufactured pre-eminently by the pars intermedia. As shown by 
Dreyer and Clark (1924), Penn (1924) and by Schlapp (1925) it is not identical 
with the oxytocic autacoid. As shown by Hogben and Gordon (1929), it is not 
identical with the pressor substance. The identification of the W substance 
which is concerned with the white-background ” response raises an entirely 
new issue, already adumbrated in an earlier communication (Hogben, 1924) 
in which it was pointed out that “ the paradoxical results of blinding in young 
axolotls might ” be interpreted “ by supposing that colour response in Urodeles 
depends upon a balance between pituitary activity and some other mechanism 
. . The new information presented in Part III of this communication 
clearly shows thilt the W substance is associated, directly or indirectly, with 
the activity of some component of the pituitary gland itself. The discordant 
results of operative removal of the whole gland or a part of it in Xenopus as 
compared with Rana are capable of being interpreted upon the assumption 
that,]the W substance is manufactured by the pws tuberalis or by some mtdoorine 
organ which is influenoed by the activity of the pars tuberalis of the pHuitaiy 
gland. This conclusion rests upon definite morpholo^cal differences between 
the pituitary oomplmc of Bana and that of Xenopus. Since the obsarvatiouB 
recorded in Part 111 were omnpleted, we haye stot to Dr. de Bem fixed xnatetial 
and sUdes of the brain and hypophysis of <3oafiflna own 
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Bndiiig^. Dr. de Beer, who has made an extensive study of the comparative 
morphology of the pituitary gland, has kindly ezunined our material and 
compared it with his own preparations of Rana and Triton, In a private com* 
mtmication he reports that ho is entirely in agreement with our conclusion 
that the pituitary gland of Xenopus is essentially of the Urodele rather than 
the Anuran type. 

In probing the identity of substance W, it may be pointed out that the 
evidence presented in Part IV narrows the field. From the results of spinal 
transection in Xenopus and earlier observations of Bogers on Diemyotelus it 
is quite clear that W is referable — directly or indirectly — to some gland located 
in the head extremity. This, in effect, leaves only two likely possibilities, 
namely, some constituent of the pituitary gland or the pineal body. It would 
not be justifiable to dismiss the latter from consideration, especially in view of 
the fact that McCord and Allen (1917), Huxley and Hogben (1923) and Swingle 
(1922) have shown that extracts of the mammalian pineal contain a specific 
autacoid which is capable of evoking the white background response. 

3. Hitherto it has seemed that the external agencies affecting pigmentary 
effector activity, the receptive structures involved in recording these changes 
and the co-ordinating processes involved are fundamentally dissimilar in 
Reptiles and Amphibia. In the light of new evidence presented in this com- 
munication this conclusion may require modification. It is now seen that the 
relation of Amphibian colour change to light is complex, involving a primary 
response of the melanophores themselves and a co-ordinated response for 
which the eye is the receptor organ. The former, though of very subordinate 
importance, is essentially identical with the familiar response of the chameleon 
and Phrynosoma. In our own observations dn the chameleon no conclutive 
evidence of a visual response was obtained ; but this may well be because it 
is <mly possible to observe gross macroscopic changes. Bedfield did find 
evidence of what he calls an adaptive response after prolonged exposure of 
Phrynosoma to light and dark backgrounds. It may well be tliat l^e divene 
phenomena encountered in different species of Amphibia and Reptiles are due 
to the rdbtive predominance of different systems of response ratimr than to a 
fundamental disoontinufiiy in the character of pigmentary effector activity. 

Summary. 

(1) Odour change among Amphibia in response to photic stimuli involves 
two components. One is indq>endent of the eyes, of the nervous system or 
the pituitiucy {^and. The melanophores possess the property of reacting to 

B 3 
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jUg^i ' ^RM)% hf «qHHiai<m. , 33m pnmmy om|k>ium» is pfddoilokia^ te a 

iMviie' it is of sabozdioate tetpottenoe. In add^ion to the prtoary m 
teeze is s teCK/niary or ooHorduiated response for whidh l^e eye is the reoeptor 
teste* 3!he visual response involves generalised pallor when the field of 
vhmm is ooouidad by a light-scattering surface, and generalised darkening of 
the skin when the field of vision is oconpied by a light-absorbing surface, 

(8) The removal of the eyes abolishes the secondary response. Byetess 
animals and ammals kept in darkness display neither nuixunal pallor nor 
maximal expansion of the melanophores. They are darker than pale antemls 
usd slightly paler than dark animals, even in bright light. 

(3) The visual response develops more slowly than the primary response. 
Btom its time relations it can be inferred that it involves endoorine co-ordination 
and that two distinct endocrine agencies are respectively involved in the white- 
ami blaok-“ baoltetoand. ” responses. The visual response is not abolished by 
Bpimd laranseotion at any level. 

(4) In Xenopua removal of the “ anterior lobe ’* abolishes the white-*' back- 
gtoand ” response. Removal of both lobes, as in Rana and in Urodeles, 
abotedtes the black-** background ” response as well. In Roma removal of 
the anterior lobe does not abolish the white-** background ” response. In 
iTenoim* removal of the anterior lobe involves removal of the pews teherolw 
M wefi as the pars ontenor. In Rana removal of the anterien’ h>be involves 
removal of the part tmteriar alone. From this it would appear that the second 
indecrihe agency, whose existence has been inferred above, is aBsociated 
ikastly or indirectly with the pars fuiteralte 

(6) This oonciusion is confirmtel by two other discrepancies between observa- 
Item made upte Xenepus and Rena respectively. After removteo! both lobes 
s condition maximal pallor eosimi te Rana and the sensitivity of the mnitel 
te the tejeetite of posterior tebe ektracts is diminished. Ihe that 

ensurei aftm tteaoval of bteh lobte te X is less pronounote fihatt te 
Rana v and sensitiyity to the teiite te {Mteterite lobe extracte is te(teei^ 
It is suggested that these disteepancies ateteqdateed by t^ f(te! that 
te the posturior and anterior lobe of Bam does not involve tteteval of the 
pomjffberalit. 
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EXPLANATION OP PLATES. 

PlJkTB 3. 

Flo. 1.: — On the left, (a) animal kept in black container for twenty -five montbs after 
total removal of the pituitary gland ; on the right, (6) normal animal kept in btaok 
container for three weeks. 

Fto. 2.<^— On the left, (a) animal kept on white “ background " for twenty montba aftet 
removal of the anterior lobe of the pituitary gland ; on the right, (() normal Ahittial 
after three days on a white background. 

PoATK 4. 

h’ro. A.^Phdtomicrograph of the pituitary’ of JtrnoptM Icsets in same plate ae tokfe-. 

Pip, H^Tiuigential seotion through the foremost part of the " anterior lobe ” shoMtig^ 

1 ^ ■ > 

PiMi •l-4.--dfbotoiniDrpgraphs of the melanophores of the web of Asnopni 
. ■ far a» possible with scale .indicated in text-figure 
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The Vreides of p-AmirmphenyUtibinic Acid. 

By W. H. Gray, Wellcome Chemioal Research Laboratories ; J. W. Tbevan, 
H. W. Bainbridge, and A. P. Attwood, Wellcome Physiological Research 
Laboratories.* 

(Communicated by H. H. Dale, F.R.S. — Received December 6, 1930. — Revised 

January 29, 1931.) 

1. Indian kala-azar is a widespread disease wliich ran a fatal course, un- 
influenced by drugs, until it was found that it could be cure^ by tartar emetic 
(Di Cristina and Caronia, 1915 ; Rogers, 1915 ; Muir, 1915). More recently 
it has been shown by a number of workers that certain organic antimony 
compounds can be used with more advantage. These are far less toxic in 
proportion to their curative power, and are thus suitable for intensive adminis* 
tration. Several of the more important are simple derivatives of p-amino- 
phenylstibinic acid (stibanilic acid), of known constitution, for example, the 
sodium salts of the glucosyl-(8tibamine gluooside) and the 3-ohloto-4-aoetyl- 
derivatives, also the diethylamine salt of the add itself. Apart hrom these, 
the most interesting is a material prepared by heating stibanilic acid with urea 
solution, introduced by Brahmaohari (1922) under the name" ureastibamine,” 
the nature of which has been the subject of conflicting opinions by other workers 
as well as by Brahmachari himself. As this substance is in extended use in 
India, and it is important from the point of view of progress in chemotherapy 
that the constitution of useful drugs should not remain undetermined, the 
present investigation, with the initial object of eluddating this, was under- 
ruken. 

2. At the outset the inroduct was found to be, not ammonium p-oarbamido- 
phenylstibiuate, which is Brahmaohari’s latest view (1924), but a somewhat 
complicated mixture of colloids. Only partial separation of its oonstitnents 
could be efieeted by chemical means, whmh, howevmr, suffleed to show that 
this ammonium salt could not be present to any considerable extent, and to 
indicate the presence of the essential active substance with respect to mouse 
trypanosomiasis {Trypamaoma equiperd'um)^ s-diphenylcarbadide-i : 4'- 

* W. H. Gray ia nsponsible for the ohemioal lection, aid J. W. TievMi, Jf. W, Bain- 
bridge and A. P. Attwood, by whom all the experimento on anltnah wb» niade, for the 
physiologioa]. 
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dktibinic acid. Verification of this was afforded by preparation of these two 
ureides by separate and simpler methods and comparison of their physiological 
properties with those of “ urea stibamine (Brahmachari).” 

3. The latter substance is prepared by hearing stibanilic acid with urea 
solution, this acid being obtained by the customary alkaline hydrolysis of its 
acetyl-derivative. It is now found that the published directions for the latter 
process are insufficiently definite in one important particular, viz., the method 
of determining when hydrolysis is complete. Products containing varying 
amounts of imchanged p-acetylaminophenylstibinic acid may be obtained 
according to the conditions chosen for this te.st, still keeping within the scope 
of these published direcrioits. When such a product is treated, under suitable 
conditions, with urea, the stibanilic acid present reacts in two ways : — 

(o) With formation of the ureide. 

(6) Undergoing hydrol 3 ^ic fission with formation of antimonic acid. 

The former, in a pure state, does not form appreciably soluble salts ; its 
solubility in presence of the antimonic and acetylaminophenylstibinic acids 
is to be attributed to the action of these substances as protective colloids 
(see § 9). The relative amounts of the three substances in the final 
product, as well as of urea, which is difficult to remove from these amorphous 
materials, depend on the experimental conditions. This source of variation 
accounts for the difficulty in repeating the preparation of “ urea stibamine ” 
which has been reported by other investigators (Napier, 1923 ; Uhlenhuth, 
Kuhn and Schmidt, 1926), and possibly for the alleged variation in the com- 
potition of the samples on the Indian market (Ghosh and others, 1928 ; Napier, 
1929). 

4. It will be seen from the foregoing that this problem has been investigated 
biologio^y as well as chemically, and the opportunity has been taken to include 
in the physiological section, on a basis of the results obtained, a general dis* 
oossion of methods appropriate for the examination of aU such chemothwa- 
peutic problems from the physiological standpoint. 

5. There is no evidence that the relative values of these products, as estimated 
bjr these experiments on mioe, are fxantderable to their use in human kala- 
asar. For example, we find that stibaimne glucotide is less active on trypano- 
scaniasis in the mouse than “ urea stibamine,'* whereas Napiar (1929) fin^ 
that the two dru jp are equal in therapeutic efficacy for kala<aaar. 



56 


W. H. Graj^ and others. 


Chemical Skcihlv. 

6. “ Urea stibamine (BrahnmehariX” was analysed and gave the following 


results : — 



Table 1. 


Atomic ratios. 

Batch 

L<>»a tin 


H. N-. 



No, 

drying. 


(Ml. 

C : X. C : Sb. 

425 

10-38 1 


! 6-75 

44-19 


435 

10-38 1 


- 6-77 

44-49 


451 1 

7 14 ! 

20-3 

: Hit 



523 

12-17 1 

20-9 

; 3-9 



523 : 

14-07 

20-5 

I 2-8 



cm 

12-17 1 

20-9 

j 3-0 

46-4 

4 57 : 1 

1 522 

16-27 ( 

21-53 

' 2-67 


— 

m 

10-13 ) 

21 16 

i 2-8 

40-8 

4-59: 1 

1128 

9- 4."* ! 

30-17 

2-91 0 47 

48 -(i 

3 61 : I 4 21 : I 


The value found for the ratio C : N shows that the product cannot be 
ammonium p-carbamidopheiiylstibinate, which requires 2*3:1 ; the value of 
the ratio C : Sb shows that it cannot consist of a pure arylstibinate, but must 
also contain antimony in inorganic combination. This is shown to be anti- 
monic acid (see § 9), In order that a determination of the ratio C : N 
should afford trustworthy information as to the nature of the organometallic 
constituent, the product was treated with dilute hydrochloric acid to remove 
ammonia or urea. The resulting solid contained C, 20*2 ; H. 2*4 ; N, 3-4 ; 
Sb, 62*2 per cent,, atomic ratio 0 : N = 6*98 : 1, showing that the trypano- 
cidally active substance is not p-carbamidophenylstibinio acid, which requires 
C : N =: 3*6 : 1, Further information was given by a prolonged treatment of 
“ urea stibainine ” (4 g.) with dry alcohol, when the portion remaining un* 
dissolved (2*95 g.) was foimd to have the same composition as the solid 
obtained by the action of dilute acid (C, 20*6 ; K, 3*1 ; N, 3*5 ; Sb, 50*0 
per cent., atomic ratio C ; N = 6*91 : 1). The difference in the total nitrogen 
before and after extraction with alcohol consequently represents the ammonia 
originally present, removed by the alcohol and volatilised during the evapora- 
tion, Calculated on the basis of the total stibinic acid present , this corresponds 
to approximately 0 • 86 of a molecular proportion. The residue from the extracts 
(0*61 g.) contained urea (3*7 |>er cent, by weight of the original material^) 

♦ Tlie statement of Ghosh and others ( 1928 ) that “ most of the free urea eaii be washed 
out in the cold” is therefore hot comet. 
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and a stibinic acid portion of low trypanocidal activity, probably containing 
acjctylaminophenylstibinic acid (see § 10), which was not obtained in 
quantity Buiiicient for identification. The undiasolved portion was more active 
than “ urea stibainine itself, and therefore contained the trypanocidally-active 
constituent. 

7. The alternative remaining is that the latter consists of the di-substituted 
urea, i?-diphenyloarbainidc-4 : 4'-di8tibiuic acid, which requires an atomic 
ratio of C : N = 6*6 : 1. The formation of tins under the conditions of the 
preparation was seen to be quite feasible, as it had been shown by Young and 
dark (1898) that a mono-sul)stituted urea is converted into the corresponding 
symmetrical di-»ubstitutcd urea by boiling with water. The correctness of 
this conclusion was confirmed in two ways : — 

{a) In investigating the action of urea upon jt>-arainophenyl8tibinic acid, 
the relative amounts of urea and water, the temperature, and the time 
r>f heating, were found to have a marked influence on the composition 
of the solid product precipitated by alcohol. These factors were not 
specifuMl by Brahmachari, nor adequately by the other workers who 
criticised his directions as lacking in experimental detail (Ghosh and 
others, 1928 ; Niyogi, 1928). When the concentration of the urea was 
kept low, in order to favour the formation of a di-substituted urea, as 
in § 8 and § 10, the product had a trypanocidal action equal to or 
somewhat greater than that of urea stibamine,*' whilst a high con" 
centration of urea le<i to the formation of a comparatively inactive 
material. Further, the atomic ratios of carbon to nitrogen in these 
products, after purification by dilute hydrochloric acid, were 6*6:1 
and 3 • 1 : 1 respectively, corresponding in the one case to the presence 
of iJ-diphenylcarbamide-4 : d'-distibinic acid as orgauometallic con- 
stituent, in the other of 7 >-carbamidopheuylstibinic acid. 

(fe) These two ureides have been synthesised, and the former shown to have 
the greater trypanocidal activity, although, owing to the fact that it 
does not form soluble salts and consequently must be administered in 
suspension, intraperitoneally instead of intravenously, it is not quite 
so active as might be expected. 

8. Preparation of a Product oontoimn^ s-DiphenylcarbamideA : i'-disiibinic 
Acid 08 Trypafuxndal Constituent, by nwam of Urea,— A paste of freshly- 
precipitated p-aminophenylstibinic acid, containing 13 g. of water, prepared 
by hydrolysis of the free acid from 10 g. of stibacetin, using 10 per cent. 
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hydrochloric acid to teat the hydrolysing solution, was treated with solid urea 
(4*2 g. = 3 molecular proportions), the mixture heated at 80^ with continuous 
stirring until a drop no longer gave a precipitate on dilution with water, allowed 
to stand overnight and treated with alcohol (100 c.c.). The resulting solid 
required the addition of a little ammonia for solution, and was dissolved in 
ammonia and reprecipitated by alcohol, after which it was soluble in water. 
Yield, 5*03 g. (found : C, 16*9 ; H, 2*8 ; N, 3*7 ; Sb, 45*6 per cent.). The 
trypanocidal action of this was somewhat greater than that of “ urea stibamine,” 
and both this and the composition were reproducible (key numbers of batches 
physiologically tested, G.IO and G.ll). Treatment with dilute acid (see § 6) 
gave a solid containing C, 14*5; H, 2-3; N, 2*6 per cent., atomic ratio 
C;N--6-6; 1). 

9. The low carbon content in this (required, C 28*2) and in the other cases 
mentioned in this paper, is due to the presence of antimonic acid. This is 
shown by the fact that the mother liquors contain aniline, which must have 
been formed by hydrolysis of the carbon-antimony linkage. In a control 
experiment, it was found that, in the presence of p-aminophenylstibinic acid, 
antimonic acid was reversibly soluble in ammonia. The formation of reversibly 
soluble protected antimonic acid in this way does not seem to have been 
described, although both antimonic acid (Jander, 1918) and the arylstibinic 
acids (Schmidt, 1920) are known to be pronouncedly colloidal. It is somewhat 
surprising that this fission occurs also to a considerable extent in the cold. A 
paste of freshly-precipitated p-aminophenylstibinic acid containing an equal 
weight of water was mixed with solid urea (12 molecular pri^rtions). Rapid 
solution of both solids took place, and treatment with dilute hydrochlorio acid 
gave, not the expected solutmn of hydrochlorides but a solid, in which the 
carbon content had fallen from 26 to 19 per cent., with solubility properties 
simulating those of the “ free acid ” obtained from " urea stibamine.” Here, 
rearrangement of the urea cannot have occurred (Werner, 1913), so that it is 
incorrect to assume, as Brahmachari (1924) has done, that insolubility in 
dilute hydrochloric acid, in this series, indicates the absence of a free amino- 
group. This was confirmed by the fact that the ratio C : N remained unchanged 
in this case. 

10. Preparation of a ProiwA Identical witk “ Urea Stibafftine (Brah~ 
madhari).*' — ^The above product shows small differences from the ocinmeiroial 
matmrid (a) in the C : N ratio of the organometallic caostitueht, (h)in solubility 
in watex, (c) in tiTponooidal activity, (d) in the ennount of entrmonio a 
ptesent. This dil&oulty was overcome when it was found tiiat, by suitable 
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choice of concentration of hydrochloric acid in the test for the point of com- 
pletion of hydrolysis of the acetylaminophenylstibinic acid, which is not specified 
in the published methods (Chem. Fabr. von Heyden, 1912 ; Schmidt, 1922), a 
certain mixture of aminophenylstibinic acid and acetylaminophenylstibinic 
acid was obtained which still fulfilled the conditions of this test, and yielded 
on suitable treatment with urea a product identical with the conunercial 
material in all these respects. The C : N ratio of 7 : 1 is accounted for by the 
presence of unchanged acetylaminophenylstibinic acid (C : N = 8 : 1) ; this 
helps to preserve the solubility of the mixture of weak acids by preventing 
loss of ammonia on drying. The free acid from 16 g, of stibacetin was hydro- 
lysed, using decinormal hydrochloric acid to test for completion. In a control 
preparation, the product so obtained was found to contain C, 28-3 ; H. 3*2 ; 
N, 4 • 7 per cent. , atomic ratio C : N=7 • 02 : 1 . The freshly precipitated product 
was imiformly suspended in water (916 c.c.) treated with urea (20*6 g. =s 10 
molecular proportions) and heated at 80° with continuous stirring until a clear 
solution was obtained (2 hours), allowed to stand overnight, concentrated to 
40 c.c. in a vacuum, and treated with dry alcohol (350 c.c.). The solid was 
dissolved in a little water and precipitated with dry alcohol. Yield, 4*9 g. ; 
readily soluble in water to a very faintly acid solution, resembling that of 
“urea stibamine (Brahmachari) ; (found: C, 20*7 ; H, 3’4; N. 4-4; 
Sb, 48*4 per cent.). Key number Q.12. The nitrogen content shows that it 
contained a little less imparity of urea than the latter, but purification with 
dilate hydrochloric acid (see § 6) gave a product of the same composition 
in each case (found: 0, 18*3; N, 3>0 per cent., atomic ratio C:N=s 
7-07 :1). 

11. The Action of Urea upon p'Acdylaminoph^ylstibmic Acid . — control 
e3^>mment to ascwtain the fate of this acid under the conditions of Brah- 
maidiari'B preparation, since it is a constituent of the starting material used 
in § 10, Aowed that it gradually dissolved, yielding a water-soluble product* 
which, after the purification with dilute hydrochloric acid described in { 6, 
contained C, 27 ' 1 ; H. 3*1 ; N, 4*3 per cent., atomic ratio C : N = 7’88 : 1. 
This value for the ratio shows that the soluble material was not pure ammonium 
|>*aoetylaminophenylstibinate but that a certain amount of de-aoetylation 

* Bralmaelini and Das Gupta (1929) have since stated that urea p-acetylaminophenj^- 
stihijute is formed when the acid is heated with urea. The propearties of the product an 
not Hvia ; the hdiavioiic of p-aoetylaminophenyistibinio add, deeoribed above, preohides 
which is also seen to be improbable from their method of preparation, 
invdvM heathy 



60 


W. H. Gray and otherB. 


had occurred. Whether this was followed by the formation of the N-acetyl- 
derivative of ^'-diphenyloarbamide-4 : i'-distibinic acid was not determined ; 
the product was, however, of low activity, and therefore not of consequence as 
a trypanocidal constituent of ‘‘ urea stibamine.'* 

12. ^-DijihmyharhamideA \ Add, — Stibacetin (9*7 g.) was 

hydrolysed as in § 8. Tlie alkaline hydrolysed solution was almost neutral* 
ised by 2N-hydrochloric acid and treated with half 'Saturated sodium acetate 
solution (78 c.c.). A 12*5 per cent, solution of phosgene in toluene (46 c.c.) 
was then added in tlirco portions, shaking well, and the mixture shaken for 
several hours. It was tlion acidified with 20 per cent, hydrochloric acid (50 c.c.) 
and the solid was washed with 1*2 per cent, hydrochloric acid, yield 6*6 g. 
It is not appreciably soluble in alkalies or the ordinary organic solvents (found ; 
€, 28*1; H. 2*8; N. 4*8; Sb, 44*6; CjsH^O^NjiSb, requires C, 28*2; 
H. 2*5 ; N. 5*1 ; Sb, 44*0 per cent.). Key number G.9. Treatment with 
cold concentrated hyclrocldoric acid led to the formation of a substance with 
the properties of the corresponding stibine tetrachloride, and approximating 
in composition to this. 

13. Preparation of a Product containing p-Carbamidophenyl$tibinie Add as 
Trypanocidal Constituent, by means of Urea. — A paste of p-aminophenylstibinic 
acid containing 20 g. of water, from 16 g. of stibacetin, was well mixed with 
solid urea (45 g. — 22 molecular proportions), and the resulting solution heated 
for 7 hours at 76'". It was then treated with dry alcohol (270 c.c.). The solid 
was treated with alcohol until unchanged in weight (6*4 g.) (found : C, 13*9 ; 
H, 2 * 8 ; N, 4 • 8 ; Sb, 52 • 3 per cent. ). The trypanocidal activity of this is con* 
siderably less than that of the corresponding preparation of the di-substituted 
urea, § 8, making allowance for the fact that fission was somewhat more 
extensive under the conditions of this preparation (key number Q.7). Treat- 
ment with dilute acid (see §6) gave in this case a solid containing 0, 10*9; 
H, 1*8 ; N, 3*7 per cent., atomic ratio C : N — 3*4 : 1, 

14. p-Carbamidophenylstibinic Add.* — Freshly-precipitated p-aminophenyl- 
stibinic acid from 7 g. of stibacetin was dissolved in sodium hydroxide to 
a bicarbonate-alkaline solution, the sodium salt precipitated by acetone 
and dried at room temperature until the acetone was just removed. To this 

♦ WJiilst this manuscript was in course of preparation two papers appeared : by Niyogi 
(1928), stating that ammonium p-oarbamidophenylstibiaaie and * Versa stibamine*' are 
Identical, and by Schmidt (1930) stating that they are different jn properties, and that 
Roehl found ammonium p carbamidophenylstibinate to be inactive In kaWasar in the 
hamster. 
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was added 4 g. of a fresh sample of potassium cyauate, and 'water until the 
volume was 30 c.c. After being clarified it was treated with glacial acetic 
acid (4 c.c.) allowed to stand 1 hour, dilut^ed with water (40 c.c.), treated 
with 25 per cent, hydrochloric acid (13 c.c.), filtered, and washed with 1*2 per 
cent, hydrochloric acid. Yield, 1*3 g. (found : C, 27*1 ; H, 2*8 ; N, 8*7 ; 
Sb, 42*3 ; C^HyOiNgSb requires C, 27*4 ; H. 3*0 ; N, 9*1 ; Sb, 39*7 per cent.). 
The sodium salt was readily Holuble in water (key number G.6). Although 
insoluble in cold ammonia, when precipitated together with antimonic acid 
this acid gave a reversibly-solul)!^ product. 

15. The possibility was visualised of the occurrence, simultaneously with the 
process of hydrolytic fission of the carbon^antimony linkage described in § 9, 
of the addition of the elements of water in tlie reverse order. Since, in this 
case, antimonious acid would also be formed, the question was investigated 
by treatment of the various products, described in this paper, wdth iodine in 
presence of excess of sodium bicarbonate in the cold. A negligible absorption 
took place, no greater than in the case of tlie stibacetin used as starting material. 
p-Aminophenylstibinic acid, on the contrary, reacted with approximately a 
molecular proportion of iodine, with formation of p-iodoaniline. Although this 
acid is known to yield p-iodoaniliue when heated with hydriodic acid (Chem. 
Fabr. voii Heyden, 1912) the formation of this in alkaline solution in the cold 
is unexpected, in view of the greater stability of the linkage of carbon to 
antimony under these conditions. 

Physiological Sbction. 

A. -Therapeutic Action. 

16, Methods. — The therapeutic activity of these compounds was compared 
in the following way. Mice of 10 to 15 grams weight were infected iutra- 
peritoueally with Trypanosoma equiperdum (the strain used in this ommtry 
for standardising the organic arsenicals). About 0-1 c.c, of an approximately 
1/60 suspension of the blood of a mouse infected about 3 days before from a 
guinea*pig carrier was used. The mice were bred in the laboratory and were 
divided into two groups, so that each mouse in one group had a litter mate in 
the other group, the number of litter mates in each group being approximately 
equal The drugs were injected into the tail vein, one group receiving the 
drug being teamined and the other group receiving, in each experiment, a 
dose of stibamine glucoside. As a standard of reference in these experiments 
it wiM desirable to use a substance belongbg to the same class, that is to say van 
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organic antimony compound rather than one of the antimonyl tartrates, since 
the latter have toxic effects of a particular kind which are now supposed 
to be due to separation of antimony' trioxide by the serum alkali. " Neostam ” 
(the nitrc^en-gluooside of sodium p-amiuophenylstibinate) was selected for 
the purpose, being available in quantity and of constant phynologioal 
properties. 

17. In the earlier experiments the injection was made at the time when the 
number of trypanosomes in the blood was about 500,000 per cubic millimetre, 
but in the course of the investigation the rate of development of infection 
became so fast that we lost mice by waiting an extra day, and we therefore 
gave the injection earlier when the infection was just appearing in the blood. 
No significant difference appears, except in so far as with very heavily infected 
mice no dose of drug will remove the trypanosomes. Care was taken not to 
use for infection any strain of trypanosomes which might have developed 
resistance to antimony by exposure to the action of an antimonial preparation. 
As with most of the organic arsenic compounds, the action of these drugs on 
this infection is only temporary, the trypanosomes almost invariably re- 
appearing in the blood in the course of some days. 

18. The degree of infection was judged by microscopic examination of a 
drop of undiluted blood squeezed between a slide and a coverslip sufficient 
to cover about one-eighth area of a |-inch coverslip, using an 8-mm. apochromat 
objective and an 18 eye-piece. Arbitrary values expressed by the number of 
-f signs were given to indicate the degree of infection, -f representing three 
to four in twenty fields, -f- 1- representing one trypanosome per field, and 4-f 
(-1— I— f -1-) the condition when the trypanosomes appeared to be as numerous 
as the corpuscles and number about 2,000,000 per cubic millimetre. It is 
essential to use a fairly large number of animals to obtain an estimate of the 
variation in result between different individuals and it was impossible to count 
trypanosomes in every animal. Our impression is that the estimate by eye 
does not introduce an error comparable in dimensions with the variation between 
different animals. We are convinced that the variability in the comparative 
curative action of any one of these drugs from one animal to another is only 
slightly dependent on the degree of infection at the time within fairly wide 
limits ; and, if each test is made in the form of a oomphnson with a standard, 
the conditions are similar for both the drugs and the standard of comparison. 

19. Some constderations as to factors affecting the accuracy of the method 
are given in the discusabn. There was, however, more tmidenoy m eertam of 
the experiments, where the injection of the dxim was made befm^ auy txypano- 
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semes appeared in the blood, for an odd mouse to remain alive without tr)rpanO’- 
semes for much longer than any of its fellows in the same group, although, 
even when the infection was advanced at the time of treatment the same 
might occur, but more rarely. These odd mice considerably dimmish the 
statistical significance of the difference between groups of mice under compari- 
son, by increasing the calculated standard deviation ; and if any way can be 
found to eliminate them, a considerable increase in the accuracy of comparison 
is likely. It is possible that the development of some degree of immunity by 
the mice is responsible for these happenings, and it is not difficult to imagine, 
from what is known of the precipitate development of immunity to other 
organisms after a long and variable latent period, that a very slight difference 
in the conditions for one mouse? in a group might make a relatively large 
rlifference in its immunity response. 


Experimental Therapeutic Results, 

20, Example of Experiments , — One experiment on the therapeutic comparison 
will bo described with full protocols, but for the rest of the experiments only 
a shortened account will be given. 

Experiment I , — Two groups of mice, 8 and 10 in number, which were made 
up of litter mates, were infected with diluted blood from a mouse heavDy 
infected with trypanoaome.s. The following day one plus (+) was found in 
the blood of all except five mice, and all were injected. The group of 8 was 
injected intravenously with “ urea stibamine (Brahmachari) (B.926), the 
dose being 1 *6 mg. per 20 g. of mouse, the weight of the animals varying from 
10 to 16 g. ; the group of 10 was injected with 3*0 mg. of stibamine glucoeide 
per 20 g. of mouse. The blood was observed each day until all the animals 
were dead. The history of each mouse in this experiment is given in Table II. 
The table shows the degree of infection of each mouse, identified by its own 
number throughout the table, on and after the day of injection of the drug. 
It will be seen that those animals which showed no trypanosomes on the day 
on which the drug was injected did not depart in rate of re-infection beyond 
the range 6f variation of the other animals. 
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Table 11. — ^lateDsity of Infection in Two Groups of Mice, Mi<>e Nos. 1 to 8 
were given 1 * 5 mg. of urea stibamine B.926 ; 9 to 18, 3 * 0 mg. of stibamine 
glucoside for 20 g. mouse. Tbe first figure for caoh mouse is the number 
of plus signs given on the day of injection, the succeeding figures the 
number of plus signs for each 8ucce.ssive day till death (D). 


Mouse No. 1 

. I 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

I 

2 

2 

t) 





„ 2 

1 

0 

0 

(> 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

3 

4 

.. 3 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

a 

4 

li 




4 

. 1 

0 

0 

u 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

4 

1) 


„ 5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

3 

3 

1 

I) 


„ (i 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

() 

1 

3 

4 

1) 





„ 7 

. 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

2 

3 

D 






„ 8 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

2 


f> 





9 

. 1 

1 

0 

0 

0 

0 

0 

1 

n 

o 

4 

1) 










10 

1 

0 

0 

0 

0 

0 

1 

2 

4 

4 

D 










11 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

3 

1) 






12 

.. 2 

0 

(» 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

D 





13 

.. 1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

i> 

1 

2 

2 

3 

1) 

14 

1 

0 

1 

0 

0 

0 

0 

1 

1 

4 

4 

x> 









15 

0 

0 

0 

0 

0 

0 

0 

1 

1 

s 

4 

D 









16 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

4 

4 

11 







17 

1 

0 

0 

0 

0 

0 

0 

1 

3 

V 











18 

. 1 

0 

0 

0 

0 

0 

0 

0 

0 

3 

4 

1) 










21. The difference between the action of the two drugs can be expressed in 
three different ways, namely, (1) the average time which the mice survived ; 
(2) the average number of days on which no trypanosomes wore found in the 
blood ; (3) by a figure which measures, not only those days on which the mice 
had no trypanosomes in their blood, but also those days on which the trypano- 
somes were present in varying degrees. This is obtained in the following 
manner, and we have called it the “total therapeutic effect.” For each 
individual mouse a score is calculated by subtracting the number of plus signs 
for each day from 6, 6 plus signs being assigned to the day on which the animal 
was found dead. These figures are added up for each mouse and the average 
obtained. The means for all three methods are given in Table III, oolomn 4, 
which shows that in this disease, “ urea stibamine,” in this dose, gives mean 
values of (1) survival time, (2) number of days with no trypanosomes, and (8) 
total therapeutic effect, which are all higher than that produced by 3 mg. of 
stibamine glucoside. Figs. I and 2 give the same information graphically ; 
fig. 1 showing the percentage of animals surviving each day for each drug, 
and fig. 2 the average number of pluses for the whole grpnp each day. 

22. If , however, Table II is referred to again, it 

times overlap in the two groups of animals. Mfousie Ko, 13 tbo otitkamiim 
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glm^OHide group, for instance, did not die for 18 da}rB, whereas monse No. 7 
injected with “ urea stibamine ” died on the fourteenth day. It is clear, 



Time in days 


Fio. 1 . — PerodQta^ of mice dead on each day after injection of 1 * 5 mg. urea Btibamine 
(B.(K26) — (full line) and 3*0 mg. Btibamine glucoside W.3 per 20 g. mouae (dotted 
line). 


5 + 

4-4- X 


3 + 
2-f 


1 + 





)0 


,^15 20 
Ti'mt in days 


Fla. 2. — ^ATerage intensity of infection-number of pluses assigned daily-nfead mioe being 
reckoned as 5+* 1-5 mg. B.926 per 20 g. mouse (full line), 3*0 mg. W.3 per 
20 g. mouse (broken line). 


therefore, that there is a possibility that the difference in //«ean survival time 
is not due to a real difference in activity of the two drugs, but that the difference 
hat arisen solely by chance amongst the animals used. To determine whether 
the differences shown in Table III are real differmices, or merely random 
differences due to the variability of mice, we have applied simple statistioai 
tests. The statistical method used is that developed by Fisher from Students ’’ 
(I^er, p. 109). The ratio of the difference of the average values, 
VOL-CVUt— B. f 
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Table III. 
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obtained by either of the above methods, to the standard deviation of the 
difference, is ^timatcd by the formula 


I = (twj — f»a 



(% + w, 4- 2) 

K + l){»2:fl) («, + «,) 


where t is the ratio of the difference of the means to the estimated standard 
deviation, (% 4* 1) is the number of animals in one group and {ng4' 1) the 
number in the other, is the sum of the deviations from the mean of the 
individual values for one group, and 'Ld^ the same for the other group. For 
the experiment described for the mean survival time, 


t (16-5 - 12-4)/V18 X 96 -r (8 X 10 X 16) = + 3-67 


the number of animals (n^ + 1) and (^s + being 8 and 10 ; the sum of the 
squares of the deviations for the two groups being 96. In this and for all the 
succeeding experiments the convention has been adopted of subtracting the 
mean for the standard stibamine glucoside from that of the test group, so that, 
when the mean for the test group is greater than that for the standard, the sign 
is positive. The magnitude of the value of “ t," irrespective of the sign, 
provides a means of judging whether the difference between two such means is 
statistically significant or not. For large groups of animals the difference is 
generally taken as being statistically significant if the value of “ f ” is more 
than 2'0, values larger than this value only occurring by chance in about 5 
per cent, of trials ; but for small groups, such as those used, the same degree 
of significance is only obtained for values of “ t ” larger than 2. Tables have 
been published Fisher, p. 137) which give the probability " P ” of oertain 
values of “ f ” being exceeded by chance for any given number of animals. 
The values of “ t ” and “ P *’ for the three methods of woalysis of aKperinmnt 
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•re given in Table III. Using Fisher s table, it is found that for this number 
of animals a value of 3*57 would only be exceeded by chance in less than 
one in a thousand trials (P = < 0-001). This is to say that, unless 1-5 mg. 
of “ urea stibamine ” (B.926) is really more active than 3 mg. of stibamine 
glucoside, such a difference of mean survival times would not arise more than 
once in a thousand such comparisons as experiment 1 ; so that there is a high 
degree of probability that this drug is more than twice as active as stibamine 
glucoside in mouse trypanosomiasis. Similarly, the differences in the number 
of days with no trypanosomes would only arise by chance in about the same 
proportion of trials. The final value obtained is given in the next paragraph. 
The same treatment is applied to the method of evaluating these results by the 
number of days with no trypano-somes and by what we liave called the 

therapeutic effect.” The survival time shows a slight advantage in the 
significance of the results, and this is tlie general rule (see Table X). 

23. The next part of this section (Tables IV, V and VI) gives comparisons, 
baaed on aurvival time, of all the drugs we have tested. In the tables are 
given first the name of the compound with that of the standard with which it 
is compared immediately below. The next column gives the identification 
number of the compound used for cross reference to the chemical section. 
The third column gives the actual dose of the drug injected for each 20 g. of 
mouse, the fourth column gives the mean survival time of each group of mice, 
the fifth column the number of animals injected with each dose, and the sixth 
and seventh the values of t ” and '' P calculated as previously explained. 
In the last column is given the amount of the drug equivalent to 1 mg. of the 
glucoside ; and this is either calculated from the ratio of the dose of the drug 
under teat to that of this standard which, in any one comparative experiment, 
gives a statistically insignificant difference in the survival times of the two 
groups, by interpolation between two dose-ratios which give significant differ* 
ences of opposite signs. 

24. Urea Stibamine (jBmAraocAan).'’— -Table IV, a, 6, c, gives the oompari* 
sons based on survival time, of tliree experiments with urea stibamine (Brah- 
maohari) ** (B.926). The drug was compared on one occasion with an equal 
weight of stibamine glucoside (Table IV, a), on another with twice its weight 
(Table lY, 6, experiment already described), and on a third with three times its 
weight of stibamine glucoside (Table IV, o). When the ratio of the doses used 
is unity (Table IV, a) the value of i ” is 6, and such a value could only arise 
by chance errors of sampling in about one in 10 million such trials* It is 
esKtain therefore that this drug is considerably more active than stibamine 

f 2 



68 


W. H. Gray and others. 


Table IV.— Therapeutic Action of various products, as estimated by Time of Survival after 
Injection of Drugs into Mice Infected with Trypanosomes. Each experiment includes 
the results on one group of mice treated with the drug to be tested and one group 
treated with the standard. 


Drug. 


a. “ Urea etibamine (Brahmachari) ” j 

Stibamine gluooaido j 

t. “ Urea etibamine (Brahmachari) ” ! 

Stibamine glucoHide j 
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Stibiuniiie glucoside j 
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add (urea preparation) 

Stibamine glucoside 

j. Sodium oarbamidophenylstibinate (cyanic acid 

operation) 
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distibinic otiid (urea preparation) j 
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distibinic acid (urea preparation) 
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n. Product containing s-diphenylcarbamide'4 ; 4^- 

distibinic acid (uiwi preparation) 

Stibamine glucoside j 

p, a-diphenylcarbamide4 : 4'*distibinic acid (phos- j 

^ne preparation) 

Stibamine glucoside 

g. s*diphenylcarbamide4 : 4'-dh)tiblnio acid (phoS' I 
Stibamine glucoside 
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gluooside in moiue trypanosomiasis. When the ratio of the dose of drug 
to the dose of stibamine gluooside is reduced to 0*6 the value of “ f ” is still 
very high and “ P ” is proportionately small. When the ratio of the doses 
injected is 0-33 the value of “ < ” is 1 *01 and the value of “ P ” is increased to 
0*32. Owing to the inevitable variation amongst mice a value of “ t ” even 
greater than this might be obtained once out of three times, approximately, 
from a group of mice divided at random into two sets and treated with the 
aanie dose of one drug. We may therefore take it that the therapeutic action 
of I mg. of “ urea stibamine (Brahmachari) ” in mouse trypanosomiasis is 
equivalent to that of 3 mg. of stibamine glucoside. Table IV, d, e, gives the 
results based on survival times with a second sample of “ urea stibamine 
(Brahmachari) ” (B.1128), ejcamined in the same way, and shows that the. 
equivalent of 1 mg. of the glucoside is signihcantly less than 0*33 and signifi- 
cantly greater than 0*26 mg. We have taken it therefore as the geometric 
mean (0*29) of these figures. This sample is slightly more active than the 
previous one. 

26. Table IV, h, gives the results of the therapeutic test of the product 
oontaining p-carbamidophenylstibinic acid (urea preparation) (G.7). This 
preparation has been discussed in the chemicnl section under § 13. The 
activity of this preparation in this infection is equal to that of twice the weight 
of stibamine glucoside. 

26. p-oarbanudophenylstibimo acid, prepared by means of cyanic acid 
(6.5) (sec $ 14), was tested in the form of the sodium salt, and the com- 
parison is given in Table IV, j. The result shows that its activity is about twice 
that of stibamine glucoside but only about three-fifths of that of “ urea 
-stibamine.” These relations have been confirmed in another experiment, 
reported later. The comparatively low trypanocidal activity of this substance 
confirms the chemical evidence that it is not the active constituent of “ urea 
stibamine (Brahmachari) ” ; since the alcohol-washed material (B.3) with 
0 : N » 7 {loo. mt.) is slightly more active than the original product (Table IV, 
g). The same substance, prepared by an alternative method (see footnote, 
p. 69), Was found by Boehl to be inactive on kala-asar in the hamster (Schmidt, 
1980 ). 

$S7. As has been explained ($ 7), the active material is probably the 
dj-snbstituted urea. Two samples of a product oontaining s-dijAienylcaT- 
bainide*4 : 4'-distibinio acid (utm preparation) (6.10; 6.11), prepaared as 
desciiUbed in $ 27, were examined. The therapeutic results are given in 
Table IV, I, m and n, the first two referring to one sample and the last to the 
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other. 1 mg. of 6.10 gives a significantly higher survival time than S*0 mg. 
of stibamine glucoside, while the difference between 0*76 mg. of G.IO and 
3*0 mg. of stibamine glucoside is not significant. The dose of this product 
which is equivalent to 1 mg. of stibamine glucoside is 0*26 mg. The sample 
6.11, which was a duplicate preparation, gives the same ratio. 

28. Results with .^-diphenylcarbamide-4 : 4'-di8tibiiiic acid, prepared liy 
means of the action of phosgene on the amino-acid (§ 12) (6.9), are given 
in Table IV, p and q. The compound was not appreciably soluble in alkali ; 
comparison with the soluble products is therefore difficult. It was injected 
intraperitoneally in suspension in mucilage of acacia. When compared in 
this way (Table IV, p) 0*47 mg. was not significantly different in its action from 
1 mg. stibamine glucoside injected intravenously. The value of t was 
+1*3. In another experiment (Table IV, y) 1*5 mg. of 6.9 and 3 mg. of 
stibamine glucoside were botli injected intraperitoneally, the value of “ i '' 
then being —1*6, suggesting a slightly larger ratio, but the difference is still 
not significant. The second experiment is shown in fig. 3 as percentage of 



Fio. 3. — ^Percentage mortality produced in two groups, one injected with 6 mg. 0*9 
(full line) and the othw with 12 mg. of stibamine glucoside W.3. 

survivals on each day after injecting the drugs. It will be seen that during the 
first few days the insoluble drug was less effective than the soluble one, but 
those that survived the first few days lived practicaUy as long as those mjeoted 
with stibamine glucoside. The mice were fairly heavily infected before the 
drugs were administered, and apparently the rate of solution of the insoluble 
compound was so slow at first, that the infection prooeeded to a fatal outeome 
in some of the animals before a sufficiently high concentration of the druff 
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present to inliibit the development of the infection. The dose-equivalent 
of this substance, with respect to stibamine glucoside, is about O’ 6, whereas 
the soluble preparation containing it, made by means of urea, has a dose- 
equivalent of 0-26. The fact that one of the two is so sparingly soluble, how- 
ever, detracts from the value of the comparison. 

29. Table IV, k, gives the results obtained with the product of the action of 
urea on partially hydrolysed p-acetylaminophenylstibinic acid (G.12) (§ 10). 
The equivalent dose is the same as that of the commercial “ urea stibamine,” 
and the product, as already pointed out, is similar to the commercial material 
in other ways. 

30. Table V gives the results of the comparison of stibanilic acid with stiba- 
mine glucoside. Both in the form of the sodium and of the ammonium salts 

Table V. 


Drug. 


a. Sodium j»-amiiiophotiykitibinate (90° pro^mratiun) | 
Stibumino ghiooiide | 

h. Sodium J^Allliuophonyllltibinate (90° preparation) | 
Stibamiiift gluooside 

e. Sodioai j»-aminophenylitibiuate (90'' preparation) 1 
Stibamiii* gluoodde ! 


f. Ammmium p-aminophenyistifainato (90° prepara- ; 

tion) ! 

Stibamine i^uonside 1 


the equivalent dose of the amino^acid is 0*4 mg. A sample of the acid kept 
in sealed tubes at 37° for 3 months gave a sodium salt with an equivalent 
dose of 0’6 mg. Ws is probably significantly different from the original 
figure, especially as another sample prepared from a different ssn^le of stib- 
aeetin diowed a similar deterioration. 

31. Table VI gives the results of some experiment with irtibaoetm (W.l), 
sddoh was the batch used for the preparation of the compounds referred to 
iq> to this point. 3*0 mg. is not ugnificantiy more active than i-d mg. of 


Sodiiimp*amin(>pbenylfltibiimte (90° preparation). 

Knp( for 3 months at 87° 

Stibimine gluooside 


Key 


(U 

\V.3 

(U 

W.3 

aa 

w.3 


G.8 

W.3 


ai 

W.3 


l)ORO. 


Means of 
survival ; 
timoB. 


No. 
of I 
animals. I 

1 


mg. 

8*8 i 17 
60 12- 


10 
3 0 

0-76 

30 


1-6 
3 0 


1*2 

8*0 


80 

10-9 

9*7 
14 1 


9'4 

9625 


8>0 

8*57 


“ P.” 


10 } 

'i }! 


+3 *8710 0001 


Dom. 
equivalent 
to 1 mg. 
I of 

|| gluooside. 


mg. 


■ 1 } 


10 


?} 


-1-6 !o*13 


3-26 0 000i 


-0-22 0-85 


y 0 4 


-0*83 


0-42 


0*6 


0‘4 
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Table VI. 


Drug. 


«. Stibftcotin - 

Stibftmine gluooride I 

k. Anunoniatn salt of ;)-aoetyljuiimoph6Dy]stibinio j 

ioid I 

SCtbamiofi glucoside ! 

e. Ammosiuin salt of p-aoetylamitiophenylsUbinio j 

Aokl 

SUbamiiM glucoside 1 


Koy 

No. 


W.l 

W.3 


G.14 

W.3 


0.14 

W.3 


I Dose. 


Means of 
survival 
times. 


mg. 

3 0 10 

40 I 16 


I 


2*6 

3*0 


3*0 

40 


13 Id 
8-8 


10-3 

130 


No. 

of 

aoimals. 


“ f.” 


i p y 


,»}! 1 . 50 | 0.2 


10 


Dose 

equivalent 
to 1 mg. 
of 

glucoside. 


mg 

0‘7 


-f-3‘0 


- 2-2 


0*01 


0 046 


y 0-7 


atibamiue glucoside, but since the value of ” is as much as 1*6, 0*7 mg. is 
probably nearer the true equivalent of 1 mg. stibamine glucoside than 0*76. 
The ammonium salt of this preparation has an equivalent dose indistinguishable 
from this (Table VI, & and c). Another sample of stibacetin (W.2) had some* 
what less activity, 0*9 mg. being equivalent to 1 mg. of stibamine glucoside. 
A series of derivatives prepared from this sample were all less active than 
those from W.l (see Table VII). The difference in therapeutic activity persists 
throughout the series, and although the difference is of an order which is 
barely significant in each case (see later) yet the fact that it occurs in the same 
direction for five different pairs of compounds renders it highly probable 
that the difference is a real one, although there was no corresponding difference 

Table VII. 


Bquivaleut doso when made from 


Btibaoetin W.l. 


Ammonium Halt of p-aoetyliininophenylatibiiiio add 

Bodium salt of p^aoetjdiuimmphenyMtiunio aoid 

Bodium p-aminophenylittbiiu!^ 

Bodium p-aminopbenybtlbinate. I^pt at 37^ 3 

moDtha 

Sodium p-carbamidophen^tibinate (oy^ acid 

pmpaiatioil) ...; 

Pmtiot oontfl^ng p-i^rbamidophenyls^binic aotd 
(mua propatatioul . 


o“?- 


0*4 

06 

0*6 

0-6 


Btibaoetin W.1 


mg. 

00 

0*6 

0*S6 

0*6 

1*0 
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in (composition between the members of the pairs. This point seems to tis to 
be of considerable importance, as showing that more remains to be done 
before the biological control of the preparation of organic antimonials can be 
dispensed with. 

32. Accuracy of TImapeuiio Test . — The necessity for using a standard on a 
comparison group in each experiment is shown by many of the experiments, 
two examples of which are given in Table VIII. The degree of infection in 
each case was approximately the same, but the experiments compared were 
done at different times. The first column gives the dose of stibamine glucoside 
used. 3 mg. gave? a survival time of 1 2 • 1 days at one time and 7 • 4 at another. 
The values of t and P ** worked out in the same manner as before are 
given, and it will be seen that then? is a significant difference. Similarly, 
1'6 mg, produced in two different experiments survival times of 5-7 and 8*4 
days, which are again significantly different. The difference was not due to 
differences in degrees of infection in the experiment, for the following reason. 
An experiment was done Inter in which the initial infection was less than in the 


Table VIII. -Showing Significant Differences between the Effects of the 
same Dose of Stibamine Glucoside Injected at different timts. 


Dote. 


Mean surrival 


lei experiment. | 2nd experiment. 




I 


mg- 

3 

121 

7*4 

2 02 

j 

j 

0 00 

1*0 

0-7 

i 8*4 

1 

2-68 

i 

0 02 



i 


^ L 



above experiment by a degree which was quite clearly distinguishable, oven 
by the rather crude method of enumeration adopted, and yet the survival 
rime after 1*6 mg. of stibamine glucoside was 8*3 days as compared with 8*4 ; 
eo that lowering the degree of infection does not always produce a difference 
in survivid time. There seemed to be some evidence that the virulence of the 
iuleorion was increasing during the series of experiments, perhaps on account of 
rise of room temperature associated with summer weather. 

33. On some occasions the group of mice injected divided itself into two, one 
part «f the gnmp dying early with no disappearance of trypanosomes, and the 
oriMX part losing Ixypanosomes, if the drug was active enough, and surviving 
very miKdi longer. Some of these antimony preparations, at any rate, seem 
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to have a latent period of action, and, if the infection is very great before this 
latent period is passed, the infection becomes heavy enough to kill the animal 
before the drug can take e£Eeot. 

34. The error of these comparisons can be fairly adequately estimated from 
an experiment put up especially to determine this point, and from evidence 
which can be derived from the various repetitions of the experiment on the 
same drug, already recorded. In the experiment designed to test this point, 
two groups of 12 and lU animals were injected respectively with 3 mg. and 4 mg., 
irrespective of body weight. The results are given in Table IX. Tested by 


Table IX. 


Drug. 

Key 1 
No. 

Doae. 

BfOAIlS of 
survival 
timas. 

No. 

of 

animals. 

i 

1 

j 

i 

..p,. 

I 

L, . _ 

oqiiivalout. 
to 1 gm, 
of 

glueosidf^ 

1 

Stib^mine glucogide | 

! 

1 

( 

1 

W.3 i 
W.3 j 

mif. 

4 

3 

20 1 
121 

o 

l""" i 

4*2.*6 

i 

0 01(5 

i' i 

1 

1 

i 


all three methods there was a significant difference between these two doses. 
The failui’e to adjust to the body weight necessarily increases the standard 
deviation, because the heavy mice will get too little, and the small mice too 
much, BO tliat we actually get a lower estimate of the significance of the differ- 
ence ; and it may be taken as fairly certain that doses differing in therapeutic 
activity in the ratio of 1 to 1*33 can be distinguished, when two groups of 10 
animals each are used for comparison, and the results are confirmed by the 
following evidence, 

35. For two drugs the ratio of the dose of the drug to that of the standard 
was the same in two separate experiments, and the results for both drugs were 
not significantly different from that of the standard on both the occasions on 
which they were tried. So far as it goes, therefore, the repetition of the 
experiment gives the same result, although in both these cases the degree 0 (f 
infection for the two corresponding experiments was quite different. 

36. On four occasions the drug was injected in the first experiment in a dose 
bearing a ratio to the standard of half that which it had in the second experi- 
ment. In one the value of “ t ” for tiie larger dose was -f-O, for the smatter 
do8e-f3-67 ; inanother“f ’’was-f-l '8 for the larger and —2*7 for l^ffltialler 
dose ; for the third “ t *’ was -f 8*7 and —4*3 for the larger and amalha doses 
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reiqieotiveiy ; in the fourth i was — 0*235 for the larger and for the 
smaller. So that one may expect, ou the average, that, if the doses are 
appropriate, a dose of 2 units will be significantly greater in effect than a given 
quantity of a standard, and a dose of 1 unit significantly less. That is to siiy, 
the ratio which can be distinguished is not greater than 1*414 (the geometric 
mean of 1 and 2), since the values of in general are more than sufficient 
(2*1 for a value of “ P of 0*05) to call the difference significant. This is 
borne out by further experiments in which the ratios of doses were smaller. 
In one experiment 1 mg. urea stibamine in one case and 0-75 mg, in the 
other were compared with 3 mg, of stibamine glucoside. In the first case the 
value of “ i ” was — 1*6, in the second — 3*0. The discrimination is therefore 
of some ratio less than 1 *33. In another set of experiments (experiments 16 
and 17), in the first cast^ ‘‘ urea stibamine was shown to be significantly more 
active on trypanosomiasis in the mouse than three times its weight of stibamine 
glucoside, “ / ’’ being -f-2*13, and in the second case to be significantly less 
active than four times its weight, with a “ t ” of —3*1. The distinguishable 
ratio indicated in this case is 1 • 15. That is to say, if all experiments behaved 
as this one has done, it would be possible to distinguish, on two groups of 10 
animals, two similar antimony compounds differing in activity by 15 per cent. ; 
but this estimate is probably unduly favourable. As an approximation, it 
may be taken that the therapeutic activity assigned as the result of these 
experiments is on the average not in error by more than 30 per cent., possibly 
not more than 25 per cent. For the purpose of this paper the^^ limits may be 
taken as sufficient. To work out accurately the average error would moan a 
large aeries of experiments with the same drug, and would only be of interest 
in Connection with the routine standardisation of these and similar compounds 
intended for therapeutic use. , 

B . — Toxicity Tests. 

87, A number of the compounds were examined for toxicity on mice. The 
drugs were made up in distilled water to such a volume that the required dose 
was contained in 0*5 c.c. for 20 g, of mouse, the volume being adjusted to the 
weight of the animal. Distilled water was used because some of the compounds 
give cloudy solutions with saline. Comparison of stibamine glucoside in 
diatffled water and saline showed no difference in tolricity. On the average 
about 160 mice were used in groups of 30 to 50 at different doses for each drug. 
The doses used were chosen from preliminary experiments so as to fall in the 
range between doses causing no deaths and those causing the death of aU 
ananals injected. In this way a charaeteristic toxicity curve (Trevan, 1927) 
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for the drug on mice has been obtained for the more important of the prepara- 
tions already dealt with. 

38. Fig. 4 shows the characteristic curve for stibamine glucoside, for which 



Fio. 4. — Characteristic tozioity curve for stibamine g^uooaide. Ordinates peroeatags 
mortality absoissg logarithm of dose and dose in milligrams per 80 gm. mouse. Numban 
at each point represent number of mice used. 

400 mice were used. Percentage mortality is plotted against the logarithm 
of the dose injected. The number of animals injected is indicated by 
the figure attached to each observed point. The smooth curve is a normal 
percentile frequency curve ; it was fitted in the following manner. A straight 
regression line was fitted to the observed point in the standard manner. The 
60 per cent, mortality ordinate of this line is taken as given the mean lethal 
dose (the LD 60), and a series of percentile frequency curves of different Slopes 
was then drawn through this point until one was found from which the sum of 
the squares of the deviations of the observed points was a minimum. The 
apparatus described by Trotter (1923) for the graphic fitting of curves was foimd 
very useful for this purpose. It will be seen that the frequency curve is a very 
good fit for the observed points. It has been found that if logarithms of doses 
are plotted againt mortality in this way a large number of drugs give a character- 
istic which is indistinguishable from a normal frequency curve. One of us 
has previotudy pduted out (Ttevon, 1927) that the shape of these ohoraotensties 
depoods on the disfribution of vuriability of tiiie " individiuil lethal doae,'* 
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Beferenoe 
to table. 

Survival 

time. 

Number of da^ with 
no trypanoftomee. 

Average tharapeutio 
eSeot. 

36 

-f3-67 

+3-24 

+8-34 

3e 

+ 101 

+0»4 

+107 

3d 

+213 

+ M 

+ 1*66 

3e 

-3 1 

-2 06 

-2-6 

3g 

+026 

-0*37 

— 

3h 

-0-43 

-1*43 

-0*706 


-2 06 

-1*6 

-1-9 

3k 

+013 

-0*60 

-0-27 

31 

+ 1*86 

+2*56 

+2*3 

3m 

+0*62 

-0*62 

+0-61 

3fi 

0 

+ 1*73 

+0*62 

3p 

+ 1-6 

+ 11 

— 

4a 

-3 45 

; +0*32 

— 

46 

-1-86 

t —0-7 

-3*16 

44: 

-1-69 

-1*66 

-1*83 

4d 

+0-49 

+0*71 

+ 1*0 

4e ! 

-2 -40 

-3*0 

1 -1*8 

Ml 

+3-87 

+3*65 

+ 1-46 

4k 

-1-6 

-2*4 

-1*97 


-3-26 

-3*4 

1 -3*66 

kk \ 

-0*22 

+0*66 

1 — 

41 

-0-83 

+1-03 

— 

4t 

-0 09 

-0*45 

-0*74 

56 

+0*32 

-0 18 

0 

5c 

! ^2-4 

+208 


5e 

j -4-63 

-5*96 

-5*2 

V 

1 -3*2 

-2*24 

-2*8 


j -1-82 

-1*42 

1 


which m the dose just sufBcient to kill each separate member of the groupa of 
mice injected. Thus, for example, in the group injected with a dose of which 
the logarithm is 0-789 (6 mg.), 8 per cent, were killed. That is to say, of the 
group of animals injected with this dose 8 per cent, had an “ individual lethal 
dose ” of leas than 6 mg., and 92 per cent, required more. In the same way, 
61 per ocHit. of animals in the group injected with 20 n^. have an individual 
lethal dose less than 20 mg., and 39 per cent, greater. Consequently, by 
graphically differentiating the characteristic curve, close approximations to the 
distribution of the Iqgaritlims of the individual lethal doaea would be obtained, 
and would in this case be the usual bell-shaped normal frequency curve, with 
the mean at a dose of 16*2 rag. (the logarithm of whbh is 1*21)— which is the 
same, for a symmetrical curve, os the median dose producing 50 per cent, 
mortality (the L0 50). 

S9. Ibe mean dose is the dose which represents the dose necessary to kill 
the " average " mouse. What is generally quoted in the literature for organo- 
me fcall iio compoimds is the “ maximum tolerated dose,” by whioh is apparently 
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implied the dose which kills very rarely. In general, no quantitative inter- 
pretation of “ very rarely ” is given, and the attempt is made to determine 
directly the dose which kills an occasional mouse, when successive groups of 
2 to 10 animals are injectted with increasing doses. It is obvious that, apart 
from the general uncertainty arising from the use of small groups of animals, 
the dose at which the first death occurs will, on the average, be larger the 
smaller the group of animals used, for the relative frequency with which any 
dose will give one or more deaths in a group of n animals is J — P", where 

P is the probability of survival with this particular dose, and P* the 
probability that all will die. Since '' P is always less than 1, 1 — P** is 
larger the greater the value of “ n,'" so that for groups of animals injected 
with increasing doses, the dose which first gives a fatality is likely to be higher 
when a small group is used, as well to have a larger range on repetition. An 
estimation of the " maximum tolerated dose,’’ which is not only subject to 
large chance errors, but depends in a special way on the size of the group 
injected, seems to us to be fundamentally unsound ; and we would propose 
the following procedure as more logical and having a less ambiguous inter- 
pretation. If a variable, such as the logarithm of the individual lethal doses, 
is distributed in a normal manner, the best estimate of the frequency of the 
occurrence of any deviation from the average is obtained by calculating its 
ratio to the standard deviation of the variable, and using the known tables of 
the frequency of deviation in terms of multiples of the standard deviation. 
By this means the “ maximum tolerated dose ” can be defined as the dose which 
produces an appropriately small percentage mortality, and its estimation will 
be affected only by an error diminishing with the number of animals used, and 
distributed normally around the true limiting value of the particular dose 
chosen. For a normal curve 15*866 per cent, of deviations are leas than the 
mean minus the standard deviation and 15*866 per cent, greater than the mean 
plus the standard deviation. So that the standard deviation of the logarithms 
of individual lethal doses can be determined graphically from the characteristic 
by finding the logarithm of the dose which gives 15* 866 per cent, mortality 
(A, fig. 4) and subtracting it from the logarithm of the dose causing 50 per cent, 
mortality. For stibamine glucoside the logarithm of the dose causing 15*86 
per cent, mortality is 0*92, point S on curve, and the standard deviation is 
(1*21 -0*92) ==0*29. 

The next point to decide is, what multiple of the standard deviatum is to 
be subtracted from the mean to arrive at a reasonable criterion of the maxi- 
tnum tolerated dose.^ The choice must be more or less arbitrary^ but, once 
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Arrived at, it will render the comparison between the results of different workers 
of more value. We suggest that the maximum tolerated dose should be taken 
as the dose which kills approximately 1 in 742 of mice injected. This odd 
figure is chosen because it corresponds to an integral multiple of the standard 
deviation, and the dose giving this mortality is obtained by subtracting three 
times the standard deviation of the logarithms of the individual lethal dose 
from the logarithm of the median dose. We would suggest that the abbrevi- 
ated LDO be used for this dose. It is of course, to be clearly distinguished 
from the Lo used in the titration of diphtheria antitoxin. For stibamine 
gluooside three times the standard deviation is 0*87 and the logarithm of the 
maximum tolerated dose as defined above is 1*21 — 0*87 3 = 0*34 ; the 
maximum tolerated dose is therefore 2*19 mg. ; one in 740 mice will be killed 
by a dose about 2*19 mg. The estimate suffers from an uncertainty, due to 
the ordinary random errors of sampling of mice, but is, we think, preferable to 
the usual metluKl, which suffers not only from these errors but from random 
definition also. 

40. Table XI gives the median lethal dose (column 2), the maximum tolerated 
dose LDO as defined above (column 3) and the standard deviation of the 
logarithm of the dose (column 4). The average toxicity as judged by the 
median lethal dose is not widely different except for stibamine glucoside which 
is less than half as toxic as the next (stibacetin) and is about a third of the 
toxicity of the aminophenylstibinic acid. The masking of the amino-group 
by glucose in stibamine glucoside is presumably the cause of this low toxicity. 


Table XI. — Toxicity for Mice. 


StIbaosUii (W.2) 

StUxMAtin (W.l) 

fiodhiia jKamiaophenylAtibinate (G.l) 

Bedlam Mmlimpheairlatiblnftte (Q.3) 

Uiea rtibamins <B.ll28) 

Blodtiolidentioiil with ttieaetibamiae (G.12): 
Prol^t oontalning a-diphanyloarbsmide 4 : 4'- 

dkaidiiio aoki (3.10) 

ftoduot containing A-dlphenyloarbamido 4 : 

dMUnioad^ 

Blibiaihm (w.3) 

IMtlhyitminc sntiinonsto (G*15) 


No. 

of 

cnimahi. 

Median 
lethal 
dose, 
mg. per 

20 g. 

mouse. 

LDO, 

mg. 

per 

20 g. 
mouse* 

Strand- 

ard 

devi- 

ation 

log. 

dose. 

Com- 

parative 

thera- 

peutic 

value. 

165 

7-69 

2*02 

0*167 


116 

6*40 

1*93 

0*176 


150 

4*95 

1*38 

0*185 


181 

5-87 

0*478 

0*354 


167 

6*31 

1*20 

0*24 


34 

6*76 

2*24 

0*16 

6*79 

127 

4*87 

0*933 

0*28 

8*73 

157 

3*03 

0*872 

0*88 

8*40 

400 

16*8 

2*19 

0*20 

8*19 

284 

5*37 

1*55 

0*18 
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A similar but less marked diminution in toxicity is brought about by the 
insertion of an aoetyl-group in p-aminophenylstibinic acid (compare 6.1 
and stibaoetin W.l from which this was prepared). The difference between 
these is probably statistically significant. A similar difference is to be observed 
between the LD 60 of stibacetin W.2 and that of p-aminophenylstibinic acid 
6.3 which was prepared from it. 

41. The product containing «-diphenylcarbamide-4 : 4'-distibinio acid (urea 
preparation) (6.10, 6.11), on the other hand, has as high a toxicity as the amino- 
acid and the therapeutic activity is still more enhanced. The corresponding 
product made from partially hydrolysed acetyl-derivative (6.12) as well as 
“ urea stibamine (Brahmachari) ” on the other hand, are both of the same 
order of toxicity as stibacetin. This could be accounted for by assuming that 
6.12 contains a substance with a lower toxicity than that of stibacetin, resulting 
from the action of urea on p-acetylaminophenylstibinic acid. As stated in 
§ 16, however, this seems very improbable, and we cannot at present 
suggest a cause, unless the difference in toxicity is due to a difference in physical 
condition, an explanation we advance with some reluctance. 

42. The figures for the standard deviation of the logarithm of the dose show 
some carious anomalies. The standard deviation varies from 0*18 (diethyl- 
amine antimonate) to 0*364 (p-aminophenylstibiuic acid, 6.3) for the different 
drugs. This difference is certainly a significant one. The dose just sufficient 
to kill individual mice therefore varies very much more for p-aminophenyl- 
stibinic acid than for diethylamine antimonate. The dose of the former acid 
just sufficient to kill about 1 in 740 mice (the LDO, see Table XI) is 0* 478 mg., 
of the latter, 1*66. The dose, on the other hand, which will faU to kill only 1 
in 740, which we will call the LDC, and which can be estimated by a method 
analogous to that used for LDO, is 1.8 *6 for diethylamine antimonate and 62 
for amino-acid already referred to (6.3). The last figure seems at first sight 
ludicrous, but examination of fig. 5 shows that it is the inevitable deduction 
from the toxicity curve as determined, and a similar but lees extensive spread 
is shown by stibamine glucoside (2* 19 to 120 mg.), which is based on a much 
larger number of animals. The LDO of the amino-acid is therdore con- 
siderably lower than that of diethylamine antimonate, whereas the LDC is 
very much higher. The standard deviatioiw of the logarithm of the dose can 
be divided roughly into three classes (1) those about 0*16 to 0*18, namely^ 
stibacetin, one of the amino-acid preparation, diethylanrine antimonate, and 
the inoduct 6.12 (see tables) ; (2) those from 0*22 to 0*24, the products of 
6.10, 611 and B.1128*, and (3) stibamine i^uooride (0*29). The cause of 
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this difference in the variability of the response of the mice is obscure. In the 
last column we have given a comparative “ therapeutic index ” based on the 



therapeutic effect of 1 mgm. of stibamine gluooside as the standard. The 
therapeutic index is calculated by dividing the LDO by the dose of the particular 
drug which is equivalent to 1 mg. of stibamine glucoside in therapeutic effect. 
The relative value obtained for the ratio between toxicity and therapeutic 
effect of two drugs must depend on the particular dose selected as representing 
the maTimnni tolerated, when the toxicity curves for the two drugs differ in 
id(^. For example, we will take the two stibanihc acids 6.1 and 6.3. If we 
had chosen the LD 60 (median lethal dose) as the maximum tolerated dose, 
the therapeutic value would be 4-96/0‘4=: 12-76 for 6.1 and 5-37/0-5=s 
10-74 for 6.3 — ^practically equal instead of in the ratio of 3-6 to 1 ; and if 
we had felt that a chance of one mouse in 730 dying was too high to call the 
dose producing that result the maximum tolerated dose (idthongh it is probably 
a ittore stringent requirement than is usual), and decided that four times the 
standard deviation should be used for the calculation of the mavim iim tokrated 
dose, the advanti^ of 6.1 over 6.3 would have been increased. Again, the 
jporease of the therapeutio index of the urea preparation 6.12 over “urea 
ri^bamine ” B.1128 (Table X) is almost entirely due to the smaller variability 
of response of mioe to the former drug. 

omi.— 8. 
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Summary. 

Urea, in aqneous solution, is found to act upon p^aminophenylstibinic add 
in two ways : — 

(1) With hydrolysis at the bond between antimony and carbon and the 
formation of antimonio add. This can occur in the cold, as well as 
above the temperature of rearrangement of urea. 

(2) With formation of the mono-substituted urea, p-carbamidophenyl- 
stibinio acid, or the di-substituted urea, «-diphenyioarbamide-4 : 4'- 
distibinic acid, according to the conditions of the experiment and the 
quantities of the reacting substances chosen. This occurs between 76° 
and 100'^ C. 

These two urddes have also been prepared by the action of cyanic acid and 
phosgene, respectively, upon p-aminophenyistibinic acid, and the second has 
been shown, by comparison of the therapeutic action of all these products 
upon a Trypanosoma eyuiperdum infection in mice, to be the protofioicidal 
constituent of the drug known as “ urea stibamine,” which was stated by 
Brahmachari to consist of the ammonium salt of p-carbamidophenylstibinic 
acid ; the latter is found to be considerably less active, so that it is important 
to fix the conditions of the reaction with urea, so as to obtain the di-substituted 
urea. As available in commerce, “ urea stibamine ” is found to contain, in 
addition to the di-substituted urea,antimonic acid, as mentioned above, together 
with some p-acetylaminophenylstibinic acid, resulting from incomplete 
hydrolysis of the stibacetin used as the starting substance; owing to the 
weakly acid character of these materials, they retain only a small amount of 
ammonia, which suffices, in consequence of their predominantly colloidal 
nature, to bring the whole into solution. 

The accuracy of comparison of therapeutic activity on trypanosomiasis in 
the mouse is discussed. It is shown that the comparison of survival times 
after treatment with these drugs is at least equal in value to any other method. 
The toxicity of a number of the products has been determined, using for this 
purpose a larger number of animals than has usually been employed, and 
characteristic toxicity corves obtained. The “ maximum tolerated dose ” is 
rigidly defined, and is chosen as the dose which kills 1 in 742 of the mice. 
Comparative therapeutic values are obtained by dividing the maximum 
tolerated dose of each drug, as so defined, by the dose which is equivalent in 
trypanocidal action to the standard dose of the reference substance, stibamme 
glncoside. . 
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On the Optimum Hydrogen Ion Concentration and Teanperature of 
the Style Enzyme of Pecten maximus. 

By Alastair Graham, M.A., B.Sc., Department of Zoology, University of 

Sheffield. 

(Communicated by E. J. Allen, P.R.S. — ^Received December 9, 1930.) 

Within the past decade there has been a considerable increase in the amount 
of work produced dealing with the processes of digestion in many groups of 
animals and more especially of invertebrates. Despite? the continuous increase 
in the interest taken in the subject, and in the number of u^orkers engaged in 
research on this aspect of invertebrate physiology, there has been little corre- 
sponding advance in the methods of investigation employed, and few general 
results have been obtained. Facts concerning enz 3 naie 8 known to biochemists 
have only too frequently not been appreciated by biologists. The most frequent 
method of investigating the digestion processes of an animal has been the 
preparation of a crude extract of an entire gut or gland by grinding with sand 
and diluting either with distilled or with sea water, setting up a series of such 
preparations — which possess a hydrogen ion concentration of unknown mean- 
ing — at temperatures varying from 0*^ C. to 100° C. for a length of time dictated 
more by convenience than by significance, and determining, frequently by not 
the most delicate method, the amount of digestion that has CKicurred. The 
investigation of effects due to the hydrogen ion concentration has been mostly 
conducted at that temperature which had been previously found to give 
maximal digestion and for a length of time again devoid of meaning. As a 
result of this method of procedure, it is often hard to correlate the optimal 
values and temperatures obtained with those that are actually to be encountered 
in the living animal. 

In the digestion of foodstuffs by enzyme action there are in all five variable 
factors upon which the process depends ; — 

(1) The strength of the enzjrme in the digestion mass. 

(2) The concentration of the substrate. 

(3) The temperature at which digestion is carried on* 

(4) The hydrogen ion concentration of the medium. 

(5) The time for which the enzyme acts. 
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The interdependeace of several of these factors has been shown by numerons 
workers. It has long been known that the activity of an enzyme depends on 
the temperature at which it is working and also on the hydrogen ion concen- 
tration of the medium. Sorenson (1909) using the invertase obtained from 
vertebrate liver showed that the optimum hydrogen ion concentration varied 
with the length of time for which the enzjune was allowed to act, and O’Sullivan 
and Tompson (1890) also using invertase proved that it was dependent on the 
temperature at which it acted. A reciprocal connection between hydrogen 
ion concentration and temperature was later discovered by Compton (1915) 
working with taka-diastase. The relationship between optimum temperature 
and time has been recently worked out by Berrill (1929) for the amylolytio 
enzymes of tunicates, demonstrating that the longer the enzyme is allowed to 
act the lower becomes its optimum temperature. Miss Nicol (1930) has 
repeated some of the work of both Compton and Berrill with the diastase of 
SabeUa pavonina, but obtained no definite positive results. 

Apart from the work of Berrill and of Miss Nicol just referred to, very little 
endeavour has been made by zoologists to relate the various factors under 
which animal enzymes work. By far the greater number of pg and of tempera- 
ture optima that have been published recently, therefore, are special cases — 
statements that at a definite pg and for a certain digestion time a certain 
temperature is optimal for the activity of the enzyme, and only too frequently 
the cases selected have little biological significance. The optimum hydrogen 
ion concentration for an enzyme being dependent on the temperature at which 
it is working, it is a point of purely academic interest that a certain pg is optimal 
at a temperature which the animal can never experience. In order that the 
rteults given in digestion work may be significant, the experiments must be 
based on preliminary investigations determining the time for which the food 
is exposed to the action of the enzyme in the alimentary canal of the animal, 
the actual hydrogen ion concentration of the gut, and the temperature at 
which the animal normally lives. The other two variables — concentration of 
the substrate and of the enzyme — are beyond the control of the animal and 
ate theref(»e of only secondary interest to biologists. 

An attempt has been made, in the series of experiments about to be described, 
to investigate more fully the conditions that determine the optimum pg and 
temperature values, and to correlate these with the actual conditions found in 
the living animal. For this purpose the enzyme chosen was the diastase 
oontamtii ih the crystalline style of the scallop, Peotm maxmius. This enzyme 
was selected because it was easy to obtain in large quantities, was of 
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oonsiderable strength, and was by far the purest invertebrate enzyme obtainable. 
In addition, it was a diastase the estimation of the activity of which meant 
the estimation of reducing sugars, for which more dependable methods exist 
than for the estimation of other digestion products. Pecfen maximnu was 
chosen as the source of the style as it could be easily obtained at Plymouth 
and because the style was a more or less permanent structure. The animals 
were kept in circulating water and remained healthy ; 3 or 4 days were allowed 
to elapse after the molluscs were brought in by the trawler before any of that 
batch were used for experimental purposes, as it was found that that time was 
required for the elaboration of a new style, the old one being lost on transference 
from the sea to aquarium conditions. 

The styles were removed from the desired number of individuals by cutting 
into the stomach through the digestive diverticula and picking out with a pair 
of forceps. They were carefully washed in sea water to remove any adherent 
tissue of the digestive diverticula, the mid-gut or the gonad, which might have 
introduced other enzymes. The styles were then dried on a dean piece of 
butter muslin, weighed, ground up with a small quantity of silver sand that 
had been freshly washed either with distilled or with sea water, and made 
into an extract of usually 0*3 to 0*5 per cent, by weight, by addition of either 
distilled or sea water, according to circumstances. 

The temperatures of the experiments were controlled by the use of a thermo- 
stat that was found to be constant to about 1° C. over a O-hour period. Measure- 
ments of the temperature were taken at the beginning and at the end of each 
experiment, the mean of the two values being used when plotting curves. For 
temperatures lower than 20° C. use was made of the circulation of sea water 
at Plymouth which was found to be constant to 0*1° C. over long periods, of 
an ice chest and of ice and water mixtures. 

The hydrogen ion concentration of the medium was controlled at first by 
making a sea water extract of the styles and adding HCl or NaOH directly, 
the Pq being measured colorimetrioally by Clark and Lubs’ indicators. It was 
found that such systems w«e not sufficiently buffered and that incubation at 
temperatures over 30° C. led to oonsiderable rise in the pn, presumably due to 
carbon dioxide being driven off by heat. This occurred even after the mixture 
had been thoroughly equilibrated by babbling compressed sir through it for 
30 minutes, and also after letting enzyme and substrate stand for an hour at 
30° ©. before mixing. Recourse was therefore had to buffer solurions ; those 
of Walpole (dark, 1924), of Palitzsch (Clark, 1924), of Atlons and Pantin 
(1926), and of Northrop as modified by Miss Niool (1980) were naed, fhe first 
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and the last proving the most useful, borax or borate buffers seemingly mter- 
fering with the digestion processes. By these means the Ph the experimental 
tubes was Impt steady throughout the course of the experiments, colorimetric 
measurements of 2 c.c. lots at the beginning and at the end of the experiments 
giving almost identical tints. 

As substrate 1 per cent, starch solution free from reducing sugar was used, 
and the experiments, which were carried out in test-tubes of 16 c.c. capacity 
closed with clean corks, were sterilised by the liberal addition of toluol. The 
sugar resulting from the digestion of the starch was estimated by Ihe modifica- 
tion of the Hagedom and Jensen (1923) method devised by Boyland (1928)* 
This is a much more satisfactory method of measuring reducing sugars quanti- 
tatively than that of Benedict, which has been so extensively used, as the final 
titration is an iodine-thiosulphate one, giving a sharp end-point and so allowing 
accurate results to be obtained. 

In the experiments the relations between the concentration of the enzyme 
and of the substrate and the other variables were not investigated, as it is 
improbable that they are under the control of the animal. The amount of 
food eaten varies quite without reference to any other of the factors, while 
the secretion of enzyme is also probably variable without significance. 

All experiments were rigorously controlled. 

(o) Relation between Duration of the Experiment and Optimum Temperature. 

This relationship was not investigated. It has been known since Blackman 
published his results in 1906 that the optimum temperature shows a gradual 
lowering with increase in the duration of the experiment. 

(6) Relation between Duration of the Experiment and Optimum p^. 

Sorensen (1909) described a change in the optimum hydrc^en ion concen- 
tration for the activity of the invertase from a vertebrate liver. This change 
occurred between 2 and 3 minutes after the commencement of the expmment ; 
it pan ther^ore be regarded as of only chemical interest, and it does not seem 
possible that such a change in optimum p^ could have any importance fr(»n 
the biologioal point of view. 

In order to investigate the possibility of change in the optimum p^ with 
yiriarion m Idie time over which the experiment was conducted, the following 
series of experiments was performed : — 
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Controls . — 5 c.c. buffer + b o-c. 1 per cent, vtarch + 1 c>C' (^'8 per cent, 
style extract + toluol, boiled and left 61 hours at SO** C. Estimation 
of sugar in 2 c.c. lots. 

Experiments . — 5 c.c. buffer + 6 c.c. 1 per cent, starch + 1 c.c. 0-3 per cent, 
style extract + toluol, left at 30** C. for 8, 16, 24, 32, and 61 hour periods, 
boiled. Estimation of sugar in 2 c.c. lots. 

These results when plotted so as to show the relationship between and the 

amount of starch digested give fig. 1, and they show very plainly that Ph 

o 8 hnurx 



Fn. 1. — Curve iUnstrating the iriathn between optimmn pn and the duration of the 
experiment. Eaoh curve n^nesenti a time value, 0> 8 hours; 16 houm; 
□, 24 hours ; | , 82 hours ; 61 houia. 

is optimal by a considerable mcoeas ov«r the others for all times frmn 6 to 61 
hours. When plotted so as to bring out the relation between time and the 
amount of starch digested they give fig. 2. Here, throu|^ont the oouiae of 
the experiment, the curve for 6'& is higher than the others. 'Kmi ourve for 
Pa 6*6 is also throughout higher than that for 
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is generally more rapid on the acid side than on the alkaline. As there is no 
intersection of the curves, there is no change in the optimum poi ^th variation 
in the time of exposure of the substrate to the enzyme. 



Fio. 2. — Carve illustrating the relation between optimum pu and the durathm of the 
experiment. Eac.h ourve represents a p^ value. Q, pu 4-6 ; |, pn 6-6 ; 

6-6; □,Ph7-4; •,Pb8-4. 


(c) lielalim. between pg and Optimum Temperature. 

In order to investigate this relation, the following series of experiments was 
performed. In it the strength of the enzyme solution and the duration of 
the experiment are admittedly merely convenient, as they were found to give 
a reasonaUe amount of reducing sugar to estimate, using 2 c.c. as an aliquot 
part, and as the thermostat was very constant over this period. 

Controls. — 6 c.c. buffer 4- 3 1 per cent, starch -f 2 c.c. 0*3 per cent, 

style extract 4- toluol, boiled, left at temperatures as in the following 
figures for 6 hours. Sugar estimated in 2 c.c. lots. 

EvperimmU.—tb c.c. buffer + 3 c.c. 1 per cent, starch + 2 c.c. 0*3 per cent, 
style extract 4- toluol, left at temperatures as in the following figures 
for 6 hours, boiled. Sugar estimated in 2 c.c. lots. 

Sxperhnent 1 buffered at pa 7*8, when plotted so as to show the relation 
betWeMi t^perature and starch digested, gives fig. 3 with an optimum tempera- 
ture it 88*0. 
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Experiment 2, bufiered at when similarly plotted, gives fig. 4 with an 

optimum temperature at 36° C. 




Fio. 4.— Gurro illustrating the optiinum temperature at pn 6*2. 


Experiment 3, buffered at pn 4'8, gives an optimum temperature at 26“ C., 
fig. 6. 

These three experiments were all conducted separately with emsyme prepara- 
tions from different batches of molluscs. In order to standards oonditiohs 
further the following experiment was carried through, using one preparation 
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of eiusyme tliroughout, bo that the latio of enxyme to substrate was identical 
in each experimental tube. 



Fio. 0 . — Curve illnatrating the optimum temperature at pn 4*8. 

Controli, — 6 c.c. buffer + 3 c.c. starch 1 per cent. + 2'6 c.c. 0-3 per cent, 
style extract + toluol, boiled, left at temperatures as in fig. 6 for 6 
hours. Sugar estimated in 2 c.c. lots. 

EwperimetUs. — 6 c.c. buffer + 3 c.c. 1 per cent, starch + 2-5 c.c. 0*3 per 
cent, style extract -f- toluol, left at temperatures as in fig. 6 for 
€ hours, boiled. Sugar estimated in 2 c.c. lots. 

The results of three experiments, buffered at Ph 4*4, Ph 3*3 and p 0 6 * 8 , 
when plotted to show the relationship between temperature and amount of 
Stidxih digested, give the three curves in fig. 6 . Though in two of them, those 
for Pb 6*3 andpa 6 * 8 , the absolute optimum has obviously been missed, yet 
there is a clear indication of a gradual rise in the optimum temperature for 
the activity of the enzyme with a rise in the pg of the medium. The more 
alkaline the medium, the higher the optimum temperature. 

The following point must be carefully noted. When all the experimental 
tubes are buffered atpa 4*4, then, among these, that incubated at about 26° C. 
will show maximal digestion ; similarly, when all are buffered at pg 6 * 8 , then, 
among these, tiiat incubated at about 35° G. will show maximal digestion. 
But tihat tube, buffered at pg 6*8 and incubated at 25° C., though not optima] 
MBong its own lot, will diow more digestion than even the optimal one from 
those buffned at pg 4*4. The 25° C. optimum is only an optimum in relation 
to otiier tubes at the same or similar hydrc^n ion concentrations. 
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There is therefore a direct relstiooehip between the of the e]q>enmental 
medium and the temperature optimum recorded, and, as is emphasised by 



Fio. 6. — Curve iUiutrating the relation between optimum temperature and the pu of the 
experiment. Each curve repreeenta a ph value. #,pii4’4; ■•pa 6*3; A,ps6*8. 

Compton (1915), the hydrogen ion concentration of the medium must be 
specified when any figure is given as the optimum temperature for an enzyme. 

(d) Bdation between Hydrogen Ion Concentredion, Temperature and Duration 

of the Experiment. 

In order to correlate the three variables—time, temperature and hydrogen ion 
concentration — with the conditions actually found in Pecfen, the following type 
of experiment was performed. Preliminary investigations had shown that 
the mollusc lived normally at a temperature more or less constantly of 13° C., 
and that the food in the gut was in probable contact with the style enzyme for 
a period of about 10 hours. A series of experiments was therefore carried oat, 
in which the enzyme was allowed to act for the length of time over which it 
acta in the scallop and at a temperature as close to that at which the ammal 
normally lives as it was possible to obtain. Under each oiroumstanoee the pa 
optimum was to be determined. 

Controls , — 6 c.c. bujSer -|- 4 c.c. 1 per cent, starch 2 c.c. 0'6 per cent, 
style extract 4- tduol, boiled, left at 15‘2'’ C. for 10 hours. Sugar 
estimated in 2 c.c. lots. 
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Experiments.-^ c.c, buffer + 4 c.c. 1 per cent, starch + 2 c.c. 0*6 per cent, 
style extract + toluol, left at 15*2® C. for 10 hours, boiled. Sugar 
estimated in 2 c.c. lots. 

The results are shown in fig. 7. The optimum hydrogen ion concentration 
under such conditions is in the neighbourhood of 6-8. Taking the figures 
given by Yonge (1926) — ^and verified for this 
batch of animals — the hydrogen ion con- 
centration of the stomach contents of Prcten 
maximus and of the mid-gut, the two regions 
of the LameUibranch gut where the style 
enzyme is effective,’*' are respectively 
6*6 and pa ^*9. 

Under the correct natural conditions of 
time and of temperature, the optimum 
hydrogen ion concentration experimentally 
found for the style enzyme is disc^overed to 
be the actual concentration encountered in 
those parts of the alimentary canal of the 
animal where that enzyme is normally 
effective. 

In the case of extra-cellular enzymes, the 
optimum p^ as usually determined is never 
very remote from the p^ of that portion of 
the alimentary tract where the enzyme is 
found — ^in Pecten, for example, the optimum 
as determined at a temperature of 35‘^ C. for a period of 6 hours is about 6*8, 
a little more than one unit of p^ from that of the stomach. In the case of 
intracellular enzymes, however, the optimal hydrogen ion concentration and 
temperature are often values at which the animal could certainly not exist in 
a healthy state. Thus Yonge (1926) for the protease of the digestive 
diverticula of the oyster gives optimum pa values of 3*7 and 10*8. Yonge 
(1924) has also given the optimum temperature for the enzyme of the hepato- 
pancreas of NephropsoB 63"" G. While it is admitted that the conditions 
surrounding an intracellular enzyme, once the tissue containing it has been 
destroyed as a tissue, present few, if any, points of comparison with those 

* Absorptkoi of ths produols of digests, ss Dr. Yongs has pointed Is ptobaldy 
oonShed to the digsilivs dive^ 
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Fig. 7. — Curve illuHtrating the 
optimum pH at natural tempera- 
ture and duration. 
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in the intact cell, there is a possibility that if one ooold detennine the true 
time for which the enzyme normally acts on the ingested particles, the 
temperature at which the anigaal normally lives and the actual hydrogen ion 
concentration of the interior of the cell, then the optimum tempera- 

ture for the enzyme would be found to correlate with the natural conditions 
in these cases as in the case of Pecten. It is, in any event, hoped to 
investigate the case of such an enzyme more thoroughly. 

Summary. 

(1) The diastase of the crystalline style of Pecten maximua has been studied 
to investigate : — 

(o) The effect of time on the p^ optimum. 

(6) The effect of p^ on the temperature optimum. 

(c) The effect of time and temperature on the p^ optimum. 

(2) The principal results are as follow : — 

(а) There is no variation in the pg optimum with variation in the time of 
the experiment. 

(б) There is a fall in the optimum temperature accompanying a fall in the 
Pjj of the medium. 

(c) When two out of the three factors — time, pq, and temperature under the 
control of the animal — ^namely, time and temperature, are made equal 
to those in natural conditions, and the optimum of the third is deter- 
mined, it is found to be the actual condition encountered in the living 
animal. 

The work described in the previous pages was carried out at the Plymouth 
Laboratory. My thanks are due to the British Association for permission to 
use their table there ; to Dr. E. J. Allen, P.R.8., and to Dr. C. M. Yonge for 
help and encouragement while working there, and in particular to Mr. A. D. 
Hobson for continued suggestions and advice. 
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The Phyeiologioal Action of Cyanide. — I. Tite Effects of Cyanide on 
the Respircdion and Sugar Content of the Potato cel 15° C. 

By Chablbs S. Hanbs* and John Babkeb, from the Low Temperature 

Research Station, Cambridge. 

(Communicated by Dr. F. F. Blackman, F.R.S. — Received December 16, 1930.) 

I. Introduction. 

The interest which attaches to the physiological action of cyanide arises 
from the strong inhibitory effect upon the respiratory processes of the cell. 
This inhibition of cell respiration is interpreted as a specific poisoning of the 
catalysts responsible for tissue oxidations, since effects of a similar nature are 
well known in many oxidation ^sterns of both biological and non-biological 
oii^. 

Amongst the variety of animal and plant tissues studied, an inhibitory action 
of cyanide upon respiration has been observed m all but a few cases, and 
attention has been focussed almost entirely upon tliis effect. The extent of 
the inhibition appears to vary considerably according to both the kind and 
condition of the tissue, and at present the interpretation of these differences 
remainB somewhat controversiaL This aspect of the action of cyanide will 
not, however, be discussed in the present paper since we shall be concerned 
more particularly with an effect of cyanide which has not been recognised 
hitherto, although possible indications of its existence are to be found in the 
observations of other authors. 

* Ssnlot Stodsat of the BxhUdtioB of 1851, at the Botany School, Cambridge. 



96 


C. S. Hanes and J. Barker. 


In our experiments on the effects of hydrogen cyanide upon the potato tuber 
at 15° C., it is found that cyanide treatment produces a greatly increased respira* 
tion which may be maintained for periods of several weeks. This effect of 
cyanide .stands in striking contrast to the marked inhibition of respiration, 
which has been observed in so many tissues, and which has come to be regarded 
as the dominant and usual effect of cyanide upon the metabolism of the 
ceU. 

This investigation further establishes that the increased respiration in 
cyanide is brought about not by a direct effect upon the oxidative system, but 
rather by a speciffc effect upon the starch-sugar relationships of the potato, 
resulting in an increas«i!d sugar concentration. In the potato at this temperature 
the specific poisoning of the respiratory enzymes does not become apparent 
except after a prolonged and drastic cyanide experience. 

Among the observations in the literature a few examples are known in which 
cyanide produces relatively little or no inhibition upon the respiration, at 
least initially, e.g., starved yeast, Warburg (1927), and Lath3rru8 seedlings, 
Genevois (1929). The only case (or which there exists substantial evidence 
that cyanide causes an increase in respiration is that of Chhrdla in the absence 
of added glucose ; Warburg and Negclein (1919), Emerson (1927), and here 
the fact has elicited little attention beyond the suggestion by Warburg and 
Uyesugi (1924) that the increased respiration may be due to the utilisation of 
hydrogen cyanide as substrate for respiration. It is impossible to decide 
from the relatively few observations described in the literature, whether the 
increased respiration in CMoreUa is of a similar nature to the effect, which will 
be described in the potato. This subject will be considered in a later paper. 

II. Methods. 

In investigating the effects of cyanide upon the potato, continuous deter- 
minations were made of the respiration of samples of potatoes during exposures 
to atmospheres containing low controlled concentrations of hydrogen cyanide 
gas in air. In one type of experiment only the carbon dioxide production 
was measured ; in a second type both carbon dioxide and oxygen consumption. 
In both types of experiment readings were continued day after day, usually 
for periods of several weeks, the aim being to establish the course of respiratbn 
during and after experiences in cyanide of different strengths and durations. 
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Measurement of Carbon Dioxide Produotion. 

The method developed in the Botany School, Cambridge, was employed for 
measuring the carbon dioxide production. A stream of gas, freed from carbon 
dioxide, is drawn over the respiring material, and then bubbled through a 
Pettenkofer tube filled with standard baryta solution. The barjiia tubes are 
replaced at intervals, and the residual baryta is determined by titration with 
standard acid. 

The application of this method to studying the effects of hydrogen cyanide 
upon carbon dioxide production involved the solution of several technical 
difficulties. The requirements were : — 

(1) A constant known rate of the gas stream. 

(2) A device for generating hydrogen cyanide at a constant and controlled 

rate. 

(3) A method of collecting and estimating separately the carbon dioxide 
and hydrogen cyanide in the gas stream after leaving the respiration 
chamber. 

The following methods were evolved to meet these requirements : — 

(1) The gas stream was motivated by a constant negative pressure obtained 
from a filter pump acting through a mercury valve, and the rate of the stream 
was regulated by the limiting resistance of a length of capillary tubing. The 
rate in most experiments was 1500 c.c. per hour. 

(2) A form of apparatus was developed which gave a controlled and 
approximately constant production of hydrogen cyanide. It consists essentially 
of a small reservoir of 25 per cent, sulphuric acid, into which a solution of 
potassium cyanide is allowed to drip at a slow uniform rate. The gas stream 
is babbled through the acid, and carries out with it hydrogen cyanide gas. 
The acid in the generating chamber is draine<l out and replaced each day. 
The rate of entry of the potassium cyanide solution is kept constant by using 
a Marriotte*s bottle as a reservoir for the solution, and restricting the flow by 
inserting a length of fine thermometer capillary tubing. By these mo^ns a 
constant rate of dripping was obtained, the rates varying in the different 
generators used, from 4 to 8 c.c, per day. By adjustment of the concentration 
of the potassium cyanide solution and the rate of the gas stream, any desired 
eoncentretion of hydrogen cyanide could be obtained. 

(3) A simple method was found for estimating both carbon dioxide and 

hjnirogea cyanide in the gas stream after it left the respiration chamber. The 
atreiun^ successively through two Pettenkofer tubes, the first 
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contaiumg a standard solution of silver nitrate made slightly acid with nitric 
acid, the second a standard bar)rta solution. The hydrogen cyanide is absorbed 
quantitatively in the first tubfe, forming a precipitate of silver cyanide, and the 
amount is determined by estimating the residual silver ion by the Volhardt 
method. The carbon dioxide is absorbed in the baryta tube, and its amount 
determined in the usual way by titration of the residual alkali with standard 
acid. 

MeasurenietU of Carbon Dioxule Produclion and Oxygen Uptake. 

It will be sufficient to consider only the principle of the somcwliat com- 
plicated apparatus which was designed to enable the carbon dioxide production 
and oxygen consiimption to la* measured continuously during treatment with 
hydrogen (cyanide of known and controlled concentration. The apparatus 
was developed on a similar principle to that in nse by Dr. Franklin Kidd, and 
modified to suit the requirements. A diagram of the apparatus is shown in 
fig. 1. 

The (Jompensating system, and the respiration circuit, K, H, P, N, (I, are 



Piu. ]. — ^Diagram of the apparatus used for measuring the oxygen oousumptiou and 
carbon dioxide production during treatment with hydrogen cyanide. For desoriptioa 
see text. 

two closed systems of equal gas volume, wliich are connected to the two limbs 
nf a water manometer, WM. Each system includes a mercury manometer 
whose outer limb is open to the air. Tire two manometers (M|, M|) are made 
of tubing of the same bore. In addition, each circuit may be opened to the 
atmosphere by the taps, T^ and Tj, 

Wie respiring material is placed in R, and the atmosphere in this system is 
circulated in the direction indicated at a constant rate by means of the 
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pump, P, of which the mercury column of manometer, Mj, constitutes the 
piston, being made to oscillate by the intermittent suction device described 
by Blackman and Bolas (1927). When the outer limb is opened to the air 
the mercury column comes to rest, and Mj becomes a manometer comparable 
to M^. 

The hydrogen cyanide ge!u?rator, G, is of the same general type as described 
al>ove, but is so constructed that the volume of liquid in the acid reservoir 
may be drained accurately to a definite volume. The gas passes from 6 
containing a constant concentration of hydrogen cyanide. It enters the 
respiration chamber, R, and from there is carried to H, a Pettenkofer tube 
filled with acid silver nitrate, in which the cyanide is absorbed. It then passes 
through the pump, P, to, C, a baryta tube which absorbs the carbon dioxide,. 

it wiU be seen then that hydrogen cyanide does not accumulate, but is 
being continuously generated in G and absorbed in H. Consequently, the 
volume of hydrogen cyanide in the system during a given cyanide treatment 
lenmins constant (and is actually a very small quantity). Tlie carbon dioxide 
is also continuously absorbed in 0 as it is given off by the material, and conse- 
quently the only change in the amount of gas in the circuit is due to the 
oxygen utilised in respiration. This causes a reduction in pressure in the 
respiration circuit as compared with the compensating circuit, which leads to 
a difference in level on the two sides of the water manometer, WM. 

At intervals tlic circulation is stopped by opening the outer limb of to 
the atmosphere. The various segments of the respiration circuit are then 
opened together through a system of capillary tubes (which are not shown in 
the diagram) and thus the pressures equalised throughout the circuit. The acid 
in the generator, G, is drained to the> constant volume, and oxygen is then added 
to the circuit from the oxygen burette, B, through the tap, Tg, until the pres- 
sures of the two systems are equalised as shown on the water manometer. The 
volumes of oxygen in the burette are measured at the existing atmospheric 
pressure, both before and after the addition of oxygen. The difference is the 
equivalent* ofthe oxygen consumed by the tissues, audits volume, temperature, 
and presauiHS are known. Moreover the oxygen concentration of the atmo- 
iqkhere in the respiration circuit is returned to its normal value. 

The absorption tubes, C and H, are then removed and replaced, and fresh 
acid is run into the generator, Q. Both the circuits are opened to the air, 
and then closed, and the circulation is once more started. 

^ llie insiie^ numometers, M| and Mi* being of the same bore, compensate for changes 
in baihoiQetric piessuie betw(M)n suocessi^ 

H.. 2' 
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The carbon dioxide and the hydrogen cyanide are then determined aa 
before by titrating the residual baryta and ulver in the respective absorption 
tnbea. 

Estimation of Sugar ContetU of Tissues.* 

The samples to be analysed were cut rapidly into thin slices and frozen at 
— 20® C. From this temperature th^ were removed for analysis as convenient. 
After grinding, the tissue was first boiled in alcohol, and then extracted in hot 
alcohol for 4 hours. The extracts were freed from alcohol by distillation under 
reduced pressmre, and the residual liquid was cleared by treatment with basic 
lead acetate, excess lead being precipitated afterwards with potassium oxalate. 
The liquid was filtered and the clear solution was made up to a definite volume. 
The reducing power of this solution was determined by the method of Shaffer 
and Hartman, both before and after hydrolysis of sucrose, which was effected 
by boiling for 20 minutes in 10 per cent, citric acid. From these values the 
concentrations of both reducing sugars and sucrose in the sample of tissue ate 
obtained, both values being expressed as invert sugar in percentages of fresh 
weight. 

III. ExPERIMKNTAI. MATXRIAt. 

Potatoes of the King Edward variety were used for the experiments. A 
selected stock of small tubers varying in weight from 20 to 35 gm. was stored 
at 10® C., and samples were removed to 15® C. as required. 

At 15® C. the respiration rate falls slowly for about a month to a level wUch 
may be maintained for several months. The material is thus in a steady 
metabolic state which renders it particularly suitable for experimentation. 

The respiration intensity of the potato is extremely low compared with most 
animal and plant tissues, and notwithstanding its solid appearance the struc- 
ture is sufficiently porous to enable the whole of the tissue to respire aerobically 
under normal conditions. This is shown by the fact that the respiratory 
quotient is unity. 

IV. Carbon Dioxide Production during Cxanidb Treatment. 

Experiment 1. — Samples of four to six potatoes were used to study the effects 
of different concentrations of hydrogen cyanide in air, and the records of 
carbon dioxide productionf are given in fig. 2. 

* We aie indebted to the Hon. Mn. Onslow for the supervision of the sugar analysoa, 
and to Miss N. A. Potter who oarried out the estimations. 

t The carbon ^xide production is calculated aa milUgrams per hour per 100 gtaBunss 
nitiid heah weight of potato tissue. 
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The control sample, which was kept in air thxou|^out, shows the typical 
sespization drift of an untreated potato at 16° C. 

The four samples, A, B, C and D, after an initial period in air were exposed 
to atmospheres containing various low concentrations of hydrogen cyanide, 
daring the periods indicated on each record. The concentration used for each 
sample is given ; it varied from 0 • 14 c.c. hydrogen cyanide per litre in A, to 
10 times that concentration in 1). 

The striking feature is that the rate of carbon dioxide production increases 
greatly in each case during the cyanide treatment, and that the increased 
respiration is not merely ephemeral, but of considerable duration. 

The records for each sample show a similarity in form, there being two distinct 
phases during the cyanide experience, first a rise to a maximum, and then a 
downward drift. It is also evident that the magnitudes of the effects are 
closely related to the cyanide concentration ; with increasing cyanide the slope 
of the phase of rising respiration is greater, the maximal value attained is 
higher, and the subsequent downward drift is more rapid. 



Flo. 2,—S!aiperinmt 1 (started November, 1020).— Effect on carbon dioxide {ffodnotion 
of exposure to etmcepbeies oontaining^different oonoentrations of hydrogen oyaaide. 
Duraidon of cyanide treatment is indicated in solid dots. The cyanide oonoentratfons 
iiaedwwe:— 

Sample A— 0* 14 0 . 0 . HCN per litre. 

„ E— 0*18 0.0. „ 
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A distmotion must be drawn, however, between the effects of treatment with 
the lower cyanide concentrations as in A, B, and (■ on the one hand, and the 
relatively mucli higher concentration of D. In the former the effects appear 
to be completely reversible, since on removal from cyanide the respiration 
falls slowly to about the control value and does not fall below it, and the 
potatoes remain sound for long periods. This is illustrated by the post- 
cyanide record of sample B (fig. 2). After removal to air the respiration fell 
gently, reaching the control level some 40 days later. Observations after 8t) 
days in air — record not given — showed that this level was maitttained, and the 
potatoes still appeared sound. At that time a second treatment with cyanida 
again resulted in an increase in respiration. 

In sample D, on the other hand, signs of injury to the potatoes (brown patches 
and sunken areas) were evident early on the downward pliase, i.c., from the 
sixth day in cyanide. After the sample was removed to air, rapid breakdown 
occurred, and at the end of the record the potatoes w’cre exuding liquid. 
Another indication of a difference in the case of I) is that the downward drift 
in cyanide begins .sooner, and at a lower pitch, than would be ex{)ected if 
record D were a member of the regular series suggested by the records A. B, 
and C. 

This experiment serves to illustrate both the characteristic two-phase course, 
and the magnitude of the increased carbon dioxide production of the potato 
in cyanide over the range of concentrations used throughout the investigation. 
The effect of an appreciably stronger concentration than that ust'd on sample 1> 
has not y«t been tried. 

It is convenient to mention at this point the question of diffusion of hydrogen 
cyanide into the potato. It is to be noticed in the records of fig. 2 that, when 
the samples are transferred to atmospheres containing cyanide, there is no- 
indication of a prolonged lag in the effects upon respiration ; the rate of 
increase of carbon dioxide production attains its maximal value within 24 
hours in each of the three lower cyanide concentrations, and 36 hours in the 
high cyanide. Moreover, in converse experiments in which potatoes are 
removed from cyanide to air, it is found that the bulk of the cyanide given off 
is evolved in the first 24 hours. It would appear, therefore, that a state of 
eqailibrium is attained relatively rapidly, and that the forms of the respintioti 
records are not determined by changes in the internal rsoncentration of 
cyanide. 



Phymhgical Action of Cyanide. 108 

y. Oxygen Consumption and Carbon Dioxide Froduciion durino 

Cyanide Treatment. 

For tiui following experiments the apparatus previously described (p. 98) 
was used to obtain oontinuou.s rutm.suremeuts of both the oxygen consumption 
and the carbon dioxide produ(;tion of samples of potatoes dimng a variety of 
cyanide treatments. The data arti <‘xpre8sed in cubic centimetres of the gases 
at O'" C. and 760 mm, pressure, so that the \mits represent molecular equivalents 
of oxygen and carbon dioxide (1 c.c. carbon dioxide = 1-96 mg.). 

Kxperinmit 2. — The record of this experiment (fig. 6) shows the respiration 
rate (oxygen uptake and (larbon dioxide production) of a sample of potatoes 
during successive jxjriods in air, and in various cyanide-air atmospheres. In 
addition there is shown the carbon dioxide production of a control sample 
which remained in air throughout. 

In the initial period in air the oxygen consumed is appro ximat(dy ecjual to 
the c^arbon dioxide produced, and during the different cyanide ex|Kmcnoe8 
both values increase and decreases together. The rise in respiration in low 
cyanide (0*10 c.c. {ht litre), is followed by a fall on transference to air. There 
follows a period of 32 days in cyanide (D29 c.c. per litre, and then the final 
IM^riod in cyanide 0 17 c,c. per litre. 

During the long period in moderate cyanide, 0'29 c.c. per litre, tlie respira* 



Jhn. Z.^SwperimeiiiU 2 (started January, 1930)*— Oxygen ooiuumption and earbon dioxldf 
production during a nequenoe of treatments with various cyanide oonoentrationi 
At i^e thnee marked X there were temporary increases in cyanide ooncentratioil 
due to slowing of circulation. 
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tioQ goes through the typical two-phase course, a rise to a maximum and a 
subsequent slower fall. The record over this period is actually nearly com- 
parable in cyanide strength and in pitch to record C of experiment 1 (fig. 2). 

In the final treatment the respiration rises fairly steeply to a value of 1*6, 
about eight times the control value, and only at this point, after 57 days in 
cyanide, is there a significant change in the respiratory quotient. It is evident 
then that profound changes in the respiration rate are induced by cyanide 
without affecting the respiratory quotient. 

After the 65th day of the record, however, the oxygen values lie below the 
carbon dioxide. This increase in respiratory quotient is further investigated in 
the next two experiments. 

Experiment iJ. — sample was treated with strong cyanide, 1 • 5 c.c. per litre, 
a concentration comparable with that of sample D of exi>eriment 1. The 
oxygen uptake and the carbon dioxide production increase rapidly together 



Vta. 4 . — Experiment 3 (started November, 1029).— -Oxygen oonsmufition and eerbon. di- 
oxide consumption during treatment In high cyanide. After the 10 days' tqnwide 
treatment the samrfe was divided into two parts, aA and 2B (see tevt) 
toiy quotiento at the tlmm indicated (Nos. 1, 2, eto.) art s— 

No...*.*.......; ,1 g 3 4 ' ' 0 ' ■ ’ ' 0 ' ' ' 7 ■' 

R.<J. ......... 1*20 1*32 1*17 1*14 1*20 1 0® IrlO 
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to a lugh value of about 2*1 (fig. 4) from wbioh point onwards a marked chaise 
is evident, the oxygen values lying considerably below the carbon dioxide 
values throughout the subsequent part of the record. Brown patches of 
injured tissue developed shortly after the change in respiratory quotient. 

After 10 days in cyanide the sample was divided into two parts, and returned 
to air. Beadinp of both oxygen and carbon dioxide were continued on the 
less-injured potatoes — 3A, and it is seen that the high respiratory quotient 
was maintsined during the subsequent fall in air. Only the carbon dioxide 
production was followed in the more severely injured potatoes — SB. 

ExperimefU 4.— In order to investigate further the development of the 
increased resiiiratory quotient, a sample of potatoes was given alternate 
exposures to air and to relatively high cyanide in air (0*71 c.c. per litre) for 
the periods indicated in fig. 6. 

A 4-day exposure to the cyanide atmosphere produces a rapid rise in respira- 
tion, which continues for 2 days after the sample is replaced in air, until a 
value of 2<0 is reached. During this rise, and the subsequent fall in air, 
there is no significant change in the respiratory quotient. 

The second treatment in cyanide is of longer duration. A steep rise to 
approximately the same high level is again produced, but in this case when 



VM). 4 (started May, 1030).— Oxygen oonsumption and oarbon dioxide 

alternating periods in air and relatively high oytuiide— 0'71 o,e. 
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the respiration reaches 1*9, the respiratory quotient increases suddenly, and 
during the subsequent fall in cyanide, the oxygen values lie below the carbon 
dioxide. 

It is evident then that the change in respiratory quotient is not merely a 
function of respiration intensity, but of duration and strength of the cyanide 
treatment. 

On removal to air after the second cyanide treatment, the respiration con- 
tinues the downward drift, the respiratory quotient at first remaining liigU, 
but later retmning to approximately unity. This return to the normal respira- 
tory quotient is in contrast to the effect found in experiment 3, fig. 4. where 
the cyanide treatment had been more severe before the removal to air, and the 
respiratory quotient remained high in air. 

During the third and final cyanide treatment two jK)inia are nok'worthy. 
First, the cyanide no longer causes an increase in the respiration rate, indicating 
that the previous treatment has produced an irreversible change in the meU- 
bolic system ; second, tint high respiratory quotient immediately returns. 

In these three experiments two definite stages in the effects of cyanide upon 
respiration ate distinguishable by the respiratory quotient. In the first stage 
the respiration may be changed considerably, but the respiratory quotient 
remains normal. For convenience we shall refer to treatments whose effects 
do not go beyond this stage as moderate cyanide experiences. The second 
stage is marked by the sudden development of an increased respiratory quotient 
wliich is followed immediately by a fall in the rate of respiration, and definite 
signs of injury. This stage is reached sooner in higher cyanide coucentratioos, 
but it is not yet known whether it might be produced by moderate cyanide 
after a sufficiently long exposure. Treatment leading to this stage will be 
referred to as severe. 

VI. NiTRCKJKN RfiSinRATtON AFTKR CyANIOB TREATMENT. 

It would appear from the previous experiments that the increased respita* 
tiou induced by cyanide is of the same nature as normal aerobic respiration. 
Further evidence of this is derived from experiments in which potatoes, after ^ 
cyanide treatment, are placed in nitrogen. 

Experiment 5.— The record of sample A (fig. 6) shows the typical effect of 
nitrogen on untreat/ed potatoes. The carbon dioxide production falls away 
in the ci^se of 2 to 3 days to a value which is roughly Q *i times the air 
value. (There is sometimes a slight preUminary increase in 
production preceding the fall, as in A, fig. 6.) On replacing to 
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•trydng after-effect, the carbon dioxide production rising for several days 
ecmsiderably above the air line. 

The effects of nitrogen on cyanide-treated potatoes is shown in record B 
of fig. 6. Here a large sample of potatoes was kept in a low cyanide atmosphere 



Fio. 6. — ExperimetU 6 (8turt«(l Deoember. 192U). — Effeote of nitrogen on o»rbou dioxide 
production, A — untreated potatoes. B — after cyanide treatment. (B in 0*14 c.o. 
HCN per litre, then divided into two parts, B, left in 0.14 c.c. HCN per litre, 
given 0-28 c.c.) 

for 9 days and then Hividetl into two lots, of which one, Bj, remained in the 
original cyanide ctmccntration and the other, Bg, was exposed to double this 
concentration of cyanide, which is still a moderate strength. The respiration of 
the latter rose to a higher level. Both samples were removed from cyanide 
and placed in nitrogen for 4 days, and then in air. In each case the effect of 
this treatment is similar to that obtained with normal untreated potatoes, 
that is, a fall in nitrogen and a subsequent after-effect in air.* 

VII. Chamoks in Suoab Content dukino Moderate Cyanide Tbeati^t. 

Several lines of evidence suggested that the increased respiiation induced 
by cyanide treatment is brought about by an increased concentration of 
the substrate of respiration. It is known, for example, that the respiration of the 
potato at 16° C. is limited to a large extent by the sugar concentration in the 
tissues, and that increases in respiration, similar in magnitude to those caused 
, by cyanide treatment, can be produced if the sugar content is increased by 

* The nitragen levels readbed in B, and B„ respeotivehr, an 0*49 and 0'46 times the 
MnaupMidlng ale line vsluea. ratios which are sl^tly higher than tibe value with the 
wirilflad pdta^ The powiUe dgnifioance of this difierenoe must await farUMr 
teMStiipttfam Then i* no doubt, meanwhile, of the gmerid aimilartty of the nitrogen 

■ .aiebtili,-;.- 
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storage at low temperatures. Moreover, another line of evidence, which will 
be considered more fully later, suggested that cyanide might have a specific 
activating effect upon the alnylase system, and so possibly bring about an 
increased production of sugar from reserves. 

The sugar content of potatoes during cyanide treatment was, accordingly, 
investigated. 

A . — Increase of Sugar during Rising Phase of Respiration. 

Experiment 6. — In order to investigate the effect of cyanide upon\he sugar 
content, a number of samples of potatoes, after various cyanide treatments, 
were analysed, together with untreated control samples. Sample A (fig. 7) 
was kept in cyanide of concentration 0"33 c.c. per litre for 14 days, during 
which time the respiration increased from 0*48 to 3*02. The sample was then 
analysed. 

Five other samples, B, C, D, E, and F (of which £ and F will be considered 
in the next section), were treated with a lower cyanide concentration (0*20 o.o. 
per litre), B being analysed after 7 days, C and D after 14 days in cyanide. 
The individual respiration records are shown in fig. 7. It will be noticed that 
there is considerable scatter in the records of these three samples, althon^ 
the strength of cyanide was identical for each. Such variation is usual with 
small samples of 3 to 5 potatoes as in the present experiment. 



10 20 30 40 Days 


Wta. 7 . — Bwperimnt 6 (started January, 1930).— Carbon dioxide {sroduotioa and sagar 
oontedt during cyanide treatment. Sample Ain 0*88 o.c. HCN per Use. Sao^be 
B> 0, D, £, and Fin 0*20 O.O. HON per litre. Sugar content of each MO^aliinrh 
• at time of analysis. 
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l^e sugar (xmtent and the respiration valnes of samples A, B, C and I) at 
the time of analysis are given in Table I. There are given in addition the 
values for two untreated samples, control 1, analysed at the beginning of 
the experiment, and control 2 at the end. 

Table I. — Sugar Content and Respiration during Cyanide Treatment. 


Sampie. 

Cyanido 

strength. 

Days 

in 

cyanide. 

Bespiration 

when 

analysed. 

I Hezoee. 

I- 

Suoroso. 

Control 1 

0 . 0 . per Litre 


0-50 

per cent. 
0*04 

percent. ! 

0*12 i 

Controls 

— 

~ ! 

0-39 

0*04 

0*09 

Samplo B 

0‘20 

7 

1-20 

0*06 

0*33 

Samfle C 

0-20 

14 

1*69 

0*17 

0*46 

Sompio D 

0-20 

14 

2*44 

0*10 

0*62 

Somplo A 

0*33 

14 

3 03 

0*19 

0*77 


The data show a striking increase in the sugar content of the treated potatoes, 
the amount of the increase depending both upon the cyanide strength and the 
duration of treatment. The accumulated sugar is largely sucrose, but the 
reducing sugar (hezoses) also increases. 

When the respiration values are plotted against the sugar values as in fig. 8, 
the data suggest strongly that the respiration is proportional to the sugar 


Szol 



/ 





iwl 


3MI 






^ Controls 


CM 0-2 OS- 0« fD“ 

Total Sugar Content (OS percentage fhsh weight) 
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eontent, over the range of sugar concerned. We may record here that an 
almost linear relationship over this range k also found in the case of potatoes 
vrhose sugar content is incr&sed by low temperature. 

B . — Decrease in Sugar during FaUing Phase of Respiration. 

To investigate the changes in sugar content during the falling respiration 
phase, the two samples, E and F, were left in the same cyanide strength (0-20 
o.c. per litre) for 26 and 39 days, respectively. From fig. 7, in which the 
respiration records are plotted for the five samples, it can be seen that, whereas 
samples C and D were analysed approximately at the maximal respiration, 
the respiration of E and F had fallen considerably by the time of analysis. 
The divergence in the records of the two samples is again noticeable. 

The sugar content and respiration values are given in Table 11. together 
with those of .samples C and D, for comparison. 


Table II. — Sugar Content and Respiration during Cyanide Treatment. 


Samplo. 

Dumtion 
of 1 

treatmont < 

1 

Maximum 

mpiration. 

1 

Reapiraiicm 

when 

analysed. 

, HexciHct. 

1 

SuoroAe. 

Total 

augar. 

IB 

y 

d»y« ' 

36 j 

39 ! 

i 

20 ! 
l-7tt 

1 25 

1 21 j 

percent. 1 
0 08 
Oil 

percent. ? 
0-23 
0-28 , 

per cent. 
0*31 
0*3ft 

c 

D 

14 i 

14 

f 

173 i 

2 >44 1 

1 6ft 

2*44 1 

1 

j 1 

! 0*17 1 

1 0-10 1 

0-46 S 
0-63 , 

( 

0*62 

0-72 


From this table it becomes evident that the sugar content of E and F has 
decreased rapidly duiiiig the falling respiration phase. Moreover the loss of 
sugar is more rapid in sample £, where the fall in respiration is also more 
rapid, since its sugar content on the 14th day of the falling phase is already 
lower than that of sample F on the 25th day. 

The relationship between the sugar content and respiration is clearly shown 
in fig. 7, where the data for samples B to F throughout the cyanide experience 
are plotted. 

C . — Decrease in Sugar after Removal from Cyanide. 

Experiment 7.— An example of the fall in respiration after removal from 
cyanide to air after a moderate cyanide treatment, has already been given in 
oxperiment 1 (fig. 2), record B. After removal to air the respixation faUs 
slovrly to about the control value. The fall in air is more ra]^ wh«i 
cyanide tareatment has been such as to induce higher res]»rstWQ. 
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To aecertam tlie change in sugar content during the downward drift of 
re^iration in air, two samples, G and H, were treated with the same cyanide 
concentration as sample A, experiment 6, ie., 0*33 c.c. per litre. 

The respiration record of sample G was very similar to that of A (fig. 7). 
At the time when A was analysed, after 14 days in cyanide, G was transferred 
to air. The respiration fell rapidly in the course of 4 days from 2*8 to 1 '6, 
At which time tlie sample was analysed (fig. 9). 



Vio. ^.—IlxperimeHt 7 (started January, 1930).— Carbon dioxide production during 
cyanide treatment (0*33 HCN per litre) and after removal to air. Samples were 
annlvsed at end of records. 

Sample 11 remained in cyanide for 4J days only, when its respiration had 
retmhed a value of 2-2. It was then placed in air, and the respiration fell to 
0*7 .in the course of 14J days, when it was analysed. The respiration of the 
control at this time was O’ 42 (fig. 9). 

1%o sugar content and final respiration values of A, G, H, and the control 
are given m Table III. Comparing A and G it is evident that the sugar 
omrtent deproased considerably during the fail in respiration in air. In H 
both the sugar content and the respiration were approaching the control 
:tevel. ' 
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Table III. — Sugar Content and Respiration after Cyanide Treatment. 


Sftmtdla. 

Days 

in 

cyanide. 

Days 

win 

air. 

Eespiration 

when 

aQal3med. 

Hexose. 

Sucrose. 

Totol 

sugar. 

A , 

14 


3*03 i 

per cent. 
0*19 

per cent. 
0*77 

per eent. 
0*96 

G 

14 

1 

4 

160 ; 

0*09 

0-32 

0*41 

H 

4-5 

14 5 

0-70 

0 08 

on 

0*19 

Oontro) ' 

1 

— i 

0-43 

0 04 ; 

0 09 

0*13 


VIIL— Relationship between Respibation Rate and Sugar Content. 

The results of experiment 6 have shown that during cyanide treatment 
changes in the respiration rate are accompanied by corresponding changes in 
sugar content; during the rising phase of respiration the sugar content increases, 
daring the falling phase it decreases. In experiment 7 the effects of removal 
from cyanide into air were investigated. Here again there are parallel changes 
in sugar content and respiration rates, both decreasmg toward the normal 
value. 

On the basis of this respiration and sugar data wo may survey the ratio 
respiration/sugar content to see whether the respiratory efficiency is changed 
by the different cyanide experiences. In the first part of experiment 6 the 
relationship between respiration and sugar content during the rising phase in 
cyanide was shown to be approximately linear, as is indicated by the brdken 
line of fig. 8. There is no evidence then of a changing respiratory efficiency 
during the rising phase in cyanide. 

For purposes of comparison fig. 8 has been reproduced in fig. 10, where axe 
plotted in addition the sugar and respiration values of the samples which were 
analysed (a) during the fall in cyanide — samples E and F, plotted as +• 
(b) during the fall in air after removal from cyanide — samples Ot and H, plotted 

as •. 

It will be seen that the points lie sufficiently close to the broken line to suggest 
that the respiratory efficiency is not appreciably altered during moderate 
cyanide experiences of this sort. 

After more severe cyanide treatment, however, this relationship no longer 
holds. For example, the sugar and respiration values of sample 3B of experi- 
ment 3 are also plotted. In this case, the potatoes had undergone a prolonged 
teeattnent m a relatively high cyanide concentration ; the reepixatc^ qnotieiri 
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had increased, and breakdown of the tissues had begun (fig. 4). The position 
of the point (3B in fig. 10) indicates a considerably diminished respiratory 
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Fio. 10. — Relationship between respiration rate and sugar content. The broken line and 
oirolea — O, are plotted from fig. 8. 

O during rising respiration phase. 

+ after fall in cyanide. 

• after fall in air. 


efficiency since its respiration rate is only about one-third that of potatoes 
with the same sugar content on the rising respiration phase, as shown by’ the 
broken line in the graph. 


IX. iNTBRrRETATION OF BbSULTS. 

A . — Respiration during Cyanide Treatment. 

In the forcing experiments a striking and hitherto unrecorded effect has 
been clearly defined. It has been shown that when potato tubers at 15° G. 
are exposed continuously to atmospheres containing low concentrations' of 
hydrogen cyanide, the respiration increases ccnsiderably and may be main- 
tained at a high level for periods of several weeks. 

I3te resEriratioh during a cyanide experience goes through a typied two-phase 
oonrse, first a period in which the respiration rises to a maximum, and then a 
slowor fall. Over the range of cyanide concentration investigated, the slopes 
of tile two phases and the peak respiration values attained are greater with 
iiMraasing cyanide. 

effects of moderate cyanide experiences, on the one hand, and relatively 

vcttn, ovint— 8, I 
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severe cyanide experiences, on the other, exhibit important differences. In 
the experiments which have been described three metabolic states are dis- 
tinguishable during cyanide treatment, and these will be made the basis of a 
preliminary analysis of the cyanide effects. 

Stage A . — A phase of rising respiration in which the respiratory quotient 
remains unchanged. The respiration may rise to as much as six to eight times 
the normal value. This stage is produced by all strengths of cyanide investi- 
gated. 

Stage B . — A phase of falling respiration in which the respiratory quotient 
remains unchanged. This occurs in moderate cyanide experiences, following 
stage A. 

Stage C . — A phase of falling respiration of which the onset is marked by a 
sudden increase in the respiratory quotient to a value of 1-1 to 1*25. This 
stage occurs only in the severe cyanide experiences, and it follows immediately 
after stage A. 

It will be noticed that in stages A and B the respiration appears to be similar 
in nature to normal aerobic respiration, since the respiratory quotient remains 
unchanged. These stages, moreover, seem to be completely reversible. In 
stage C, on the other hand, not only is the respiratory quotient increased, but 
permanent injury to the tissues develops, and subsequent cyanide treatment 
after removal to air no longer induces increased respiration. With moderate 
cyanide treatment the sequence of effects is stage A-stage B ; with high cyanide 
stage A-stage C. It is not yet clear whether a sufficiently prolonged experi- 
ence in moderate cyanide might induce the sequence stage A-B-C, but so far 
this has not been observed. 

B . — Siigar Changee in Moderate Cyanide, 

The experiments, in which sugar analysed were made, have shown that the 
drifts in respiration during both the rising phase (stage A) and the falling phase 
in cyanide (stage B) (that is daring the two phases of unchanged respiratory 
quotient) are accompanied by parallel drifts in the sugar content of the potatoes. 
Moreover it has been established that the respiratory efficiency (the ratio 
respiration/sugar concentration) is not appreciably changed throughout such 
an e:q>erience, showing that there is nb apparent effect upon the respiratory 
emsymes. 

As almady mentioned, there is good reason to believe that wgar concmitira- 
tiou forms a limiting factor in the normal respiration of the potato at 16® 0*^— 
a laige body of evidence in favour of this view has arisen m a detailed study 
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of the effects upon respiration of increasing the sugar concentration by storage 
at low temperatures. The results of the present investigation also support 
this view that the rate of respiration at 15*^ C. is conditioned by the sugar 
concentration. 

The changes in respiration rate induced by cyanide would appear, therefore, 
to be due, not to a direct effect of cyanide upon the catalytic systems responsible 
for respiration, but to an effect of cyanide upon the starch-sugar relationships 
resulting in changed sugar concentrations in the tissues. According to this 
view, then, the increased respiration in cyanide is to be regarded as an effect 
produced by an increased substrate for respiration. 

This hypothesis, and, indeed, the whole of this investigation, was developed 
in close relationship with an investigation of the properties of certain amylase 
preparations in vitro. The results of this study have so important a bearing 
on the interpretation of the prei^ent experiments that it is thought essential to 
include here a brief outline of the main features of this work. 

C. — Cyanide Effects on Barley Amylase in vitro. 

In an investigation of the effects of cyanide upon a large number of prepara- 
tions of barley amylase, several interesting phenomena have come to light. 
It has been found that under certain conditions cyanide exerts a dual action 
upon the enzyme. 

There is first a rapid activation, after which a slower inactivating process 
becomes apparent, which obscures the activation and leads eventually to the 
partial, or in some cases, total destruction of the enzyme. This inactivating 
process is greatly retarded by the presence of the substrate, starch, or by 
low temperature. 

The magnitude of the activation varies from one preparation to another,* 
and also according to the previous history of the enzyme. For a particular 
preparation the degree of activation depends upon the cyanide concentration^ 
and the relationship appears to be hyperbolic. 

An activated amylase, under conditions where the inactivating process is 
negUgibla, becomes deactivated by the removal of the cyanide as hydrogen 
cyamde under reduced pressure. 


* SoSM pr^ratioiui have been found which are not activated by cyanide ; in oth«« oases, 
tl^» aotivaltoi may be extremely great, as much, for example, as 25 times the control value. 
A (hh disouesto the problems connected with the incidence and character of the aotiva* 
tieh idll he given 

■ I 2 
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D . — Cyanide Effects on Starcdi-Sugar RdeOhnskips of the Potato. 

The above effecta of cyanide upon certain amylase preparations m vitro 
suggest a basis for interpreting the changes in sugar content in the potato during 
cyanide treatment. 

When potatoes are treated with cyanide at 15® C. the sugar concentration 
(and the respiration) increase progressively for a time and at a rate which 
depends upon the cyanide concentration (stage A). It is evident that during 
this phase there is an increased hydrolysis of reserve carbohydrates. It is 
suggested that this is due to an activation of the starch-hydrolysing system 
of the potato, corresponding to the activation of amylase in vitro by cyanide. 

Eventually this period of increased sugar production comes to an end, and 
the metabolic system settles down to a new drift (stage B) in which the sugar 
content and respiration are falling. During this phase the rate of production 
of sugar from reserves is no longer sufficient to maintain the former high 
sugar level. It would appear that a second effect of cyanide has now come 
into play, an inactivation of the system which was originally activated. This 
would correspond to the second effect observed in vitro, the inactivation. 

Removal into air after a moderate cyanide experience causes a drift of the 
sugar content, and respiration, back toward the normal state. This suggests 
that the cyanide-activated mechanism becomes “ deactivated ” by the loss of 
hydrogen cyanide, an effect which again has a strict parallel in the case of 
amylase preparations in vitro. 

It win be seen, then, that the effects of cyanide upon the starch-sugar relation- 
ships in the living potato suggest a close analogy with the effects, which have 
been demonstrated on amylase preparations in vitro. 

The close analogy between these effects tends to support the hypothesis 
that cyanide produces changes in the starch-hydrolytic system similar to those 
observed in vitro with preparations of barley amylase. According to this view 
it would seem that the rate of production of sugar in the potato is determined 
by the activity of the amylase system. 

The further development of this hypothesis mtut await an extension of the 
study on amylase extracts, and, in particular, an investigation of the effects 
cyanide upon the amylase of the potato.* This work, and also further experi* 

* We note in the ‘ Amer. J. Bot.,’ vol. 17, p. 1080, Deo., 19M, that F. B. Denny, with 
whom we diaouMed the progress of our work at the International 1^, 

has iraoe then investigated this particular point. Denny aimflrins nny asaoAf, 

that extracts of potato amylase can be activated by oyaaide in vUro. 
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mentft on changes in sugar content in potatoes treated with cyanide^ are in 
progress. 

E. — Inhibition of the Reapiraiory Enzymes. 

We have seen that in stage B, the falling phase in moderate cyanide, the 
decreasing respiration is duo to a falling sugar concentration and not to an 
inhibition of the respiratory enzymes. During the rapid fall in high cyanide 
(stage C), however, in addition to the changed respiratory quotient, we i&nd 
a marked decrease in the respiratory efficiency. In this stage of cyanide 
treatment the inhibition of the respiratory enzjrmes becomes apparent, that 
is, the effect which is usually associated with the physiological action of cyanide* 

Further investigation of this aspect of cyanide action is in progress. 

F. — Cyanide Effects upon Cell Mechanism — Limiting and “ Non-limiting ** 

Factors. 

We have seen that the various effects of cyanide upon the metabolic system 
become apparent in a definite sequence. It is evident that the order of appear- 
ance, and the magnitudes, of the different effects will depend upon the relation- 
ships of the individual processes affected to the system as a whole. It seems 
clear that where the rate of respiration is largely limited by one particular 
part of the metabolic system, then any effect of cyanide upon this limiting 
&ctor will preponderate over effects upon other cell mechanisms which under 
the particular conditions are ** non-limiting.*’ In such a system cyanide may 
act upon several cell mechanisms, but specific effects on non-limiting factors ” 
may be almost completely obscured, until these in turn become limiting.” 

Cionsequently, in the case of the potato, although there is no direct evidence 
that the oxidative systems of the cells are being inactivated during a moderate 
cyanide experience, yet it cannot be concluded that this effect is absent, since 
under the conditions of our experiments the rate of respiration is limited by 
the sugar concentration. Under such conditions relatively large changes in 
the effective amount of respiratory enzyme might result in negligible changes in 
respiration rate. 

It is felt necessary to emphasise this point of view since it has been found in 
the caae of the potato, that the nature of the cyanide effect depends upon the 
metabeffio state of the tissues. The present investigation has established that 
at 16^ 0. cyanide induces an increase in the respiration rate, and that this is 
due to a specific effect upon the starch-sugar relationships. We shall show in 
a subi^tient that, in other metabolic states, cyanide effects upon other 
cell uwfi>iahisms become apparent. 
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X. SUMMAKY. 

(1) The respiration of potato tubeirs at 15^ C. increases when they are 
exposed to atmospheres containing low concentrations of hydrogen cyanide. 

(2) The respiration rate goes through a typical two-phase course, first a 
rise to a maximum, and then a slower fall. 

(3) During moderate cyanide treatment the respiratory quotient remains 
unchanged and the effects are reversible. During severe treatment, however, 
the onset of the falling phase is marked by an increased respiratory quotient, 
and irreversible injury occurs. 

(4) During the rising phase of respiration in cyanide the sugar content 
increases. In moderate cyanide the falling respiration phase is accompanied 
by a parallel *f all in sugar content, and there is no evidence of inactivation of 
respiratory enzymes, 

(5) The changes in respiration rate in a moderate cyanide experience are due 
to changes in the concentration of sugar. 

(6) The changes in sugar concentration are interpreted as a direct effect of 
cyanide upon the starch-hydrolysing system of the potato, since analogous 
effects of cyanide have been observed with certain amylase extracts in vitro, 

(7) During the falling respiration phase in high cyanide, in addition to the 
development of an increased respiratory quotient, inactivation of the respiratory 
enzymes is shown by the decreased respiratory efficiency (the ratio respiration 
rate/sugar concentration). 

We wish to thank Dr. F. F. Blackman for his stimulating interest throughout 
the investigation, and Dr. D. Keilin for helpful criticism. We are indebted 
to Mr. Arthur E. Porter for assistance in the experimental work. 
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The Antiseptic and Trypanocidal Action of certain Styryl and 
Anil Benzthiazole Derivatives.^* 

By C. H. Bkowninu, F.R.S., J. B. CJohen, F.R.S., S. Ellinowobth, and 
R. Gulbbansen. (From the Medical School, Leeds ; the Pathological 
Department of the University and Western Infirmary, Glasgow.) 

(Received January 2, 1931.) 

In view of the powerful antiseptic action of certain anil quinoline compounds 
(Browning, Cohen, Ellingworth and Gulbraasen, 1926) and the trypanocidal 
action of these and especially of some styryl quinoline derivatives (Browning, 
Cohen, Ellingworth and Gulbransen, 1929), it was thought desirable to examine 
the action of similar compounds containing other heterocyclic nuclei. The 
present csommunication is concerned with a number of derivatives of benzthia- 
zole, in which the pyridine ring of the quinoline group is replaced by a five- 
membered ring containing both nitrogen and sulphur. 

Antiseptic Action. 

Antiseptic power was estimated as in previous communications (Browning, 
Cohen, Ellingworth and Gulbransen, 1926, 1928). Throughout the range of 
the anil benzthiazole compoimds examined the antiseptic activity is con- 
siderably lower than that of the corresponding quinoline compounds. The 
styryl compounds tend also to be weak in their antiseptic action and in this 
respect resemble the styryl quinoline series, but in general they are not inferim: 
to the latter in potency. Frequently in the present series of compounds the 
irregularities in action, previously commented upon,t wore observed in marked 
degree. 

Comparison of Styryh and AnUs.— In the quinoline series, the anils were 
distmotly itnore potent than the corresponding styryls, especially against B. 
obU. The styryl and anil benzthiazoles, on the other hand, do not exhibR 
uny mai’lfed contrast. In several cases {cf. 349, 336 ; 253, 262 ; 363, 362 ; 

* work raported in this oommunioatiou was done with the support of the MMUotil 

Bsseemh OooiMdL 

t ibowniiig, Ckdwn, Gaunt and Gulbransen, ' Proc. Roy. Soc.,’ B, vol. 93, p. 329 (1922). 
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365, 364; 330, 329) the styryl compoond is slightly more potent against 
stajdiylococcus in peptone water than is the corresponding anil. 

Effect of Serum. — ^The action in the presence of serum appears to differ 
according to the organism used. Whereas in most oases the action on staphy- 
lococcus is greatly reduced by the presence of serum, there is in general a 
tendency towards increased potency against B, coU in serum when compared 
with peptone water. 

Substitution in the Benzene Nucleus. — In the styryl group, the relative effects 
of a primary, secondary, tertiary or acetylamino group are such as would be 
expected in view of the effect of similar changes in the styryl quinolines. Thus, 
the amino styryl (254) is less active than the dimethylamino compound 253. 
and substance 332 (amino) is slightly less potent than either 349 (methylamino) 
or 330 (dimethylamino). In the anil series there is little difference in activity 
between the primary, secondary and tertiary compounds (c/. 335, 336 and 329). 
The acetylamino styryl compounds 368 and 333, as in the case of the corre- 
sponding quinoline derivatives, have little or no antiseptic action ; but No. 377, 
like its quinoline analogue No. 90, has more pronounced action on staphy- 
lococcus. The acetylamino anil derived from nitroso tetrahydroquinoline 
(338) has also a powerful action on staphylococcus in peptone water. 

Substitution in the Benzthiazble Nucleus. — In the previous communications 
regarding the quinoline compounds, it was observed that in general an increase 
in the mass of the quinoline nucleus tended to increase the antiseptic power. 
The same tendency was shown to some extent in the benzthiazoles. Thus, 
the «- and ^-naphthathiazole derivatives 363, 365 (styryl) and 362, 364 (anil) 
are rather more active than the corresponding benzthiazole compounds 263 
and 252. 

In the anil compounds the introduction of an acetylamino group, however, 
did not increase the antiseptic action (262, 329) ; whereas in the corresponding 
substances of the anil quinoline swies this was a marked feature. The chlor- 
acetyl anil derivatives (340, 341) appeared to be practically equal to the acetyl 
compound 329. 

It should be noted that no attempt has been made to prepare a complete 
series of derivatives for comparison of antiseptic action, smoe it became evident 
at an early stage of the work that the group as a whole was greatly inferior to 
the anil quinoline compounds in this respect. Later, compounds were prepared 
solely with a view to investigating tiypanooidal action. 



Styryl and Anil Benzthiazole Derivatives. 


121 


Trypanocidal Action. 

The benzthiazole derivatives, both anil and styryl, exhibited trypanocidal 
action when appropriate groups were present in the respective nuclei. This 
effect was tested for as before, in mice infected with T. bruoei, treatment being 
administered 24 hours after inoculation, when scanty parasites were present 
in the blood. The necessary groups proved to be identical with those which 
produced trypanocidal action in the quinoline series. Thus the maximum 
effect was produced when one nucleus contained a basic group, and the other 
an acetylamino group. As in the quinoline series, the st)rryl8 were much more 
powerful and definite in action than the anils. 

Cures were obtained with the following compounds which contain sub- 
stituent groups as shown : — 


Styryl No. 

1 

i 

! 

Group iu 
bonzena nucleus. 

Group in 

bonzthiazole nucleus. 

m 

1 

NH, 

NH . COCH, 

349 

i 

NH.CH, 

NH.COCH, 

330 

1 

1 

N(0H,), 

NH . COCH, 

368 

1 

1 

NH.COOH, 

NH, 

333 

1 

NH . OOCH, 

NH . COCH, 

377 

1 

1 

NH , COCH, 

N(CH,), 


In the anil benzthiazole group, some action was observed with all the com- 
pounds except No. 262, but only with No. 336 was cure obtained, A striking 
feature of No. 329 was the tendency for therapeutic action to occur on a wide 
range of dosage (1/150 to 1/4000). although even the largest dose failed to 
produce cure. 

In the quinoline series, the anil possessing the strongest trypanocidal action 
was that containing a dimethylamino group in the benzene nucleus, and a 
chloracetylamino group in the quinoline nucleus. No cure was observed with 
the corresponding benzthiazole derivatives 340 and 341. 
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The following syetem of numbering has been used : — 


3 

8 4 



1 


2-Methyl benzthiazole was made according to the method of Jacobson (‘ Ber., 
vol. 19, p. 1072 (1886) ). It was found difficult to obtain a uniform yield in 
different preparations, much apparently depending upon the rate of melting 
of the mixtures of acetanilide and phosphorus pentasulphide. It was essential 
that these reagents should be thoroughly well ground up together, and after 
solution of the product in alcohol and subsequent dilution, it was necessary to 
regulate fairly accurately the addition of alkali in order to allow precipitation 
of the crystalline by-product, and to obtain the main product in solid form. 

The thio-acetanilide, purified as described, was almost colourless and melted 
sharply at 76°. The maximum yield obtained was 51 per cent, of the weight 
of acetanilide taken, compared with 25 to 30 per cent, claimed by Jacobson. 
This is equivalent to 45*6 per cent, of the theoretical. 

The oxidation of the thioacetanilide was carried out as described by Jacobson, 
the same yield being obtained. 

2-Methyl bemthiazole methochloride . — Equivalent quantities of the base and 
dimethyl sulphate were mixed and warmed gently on the water-bath. Vigorous 
combination soon occurred, and a dark viscid mass was formed, which soon 
crystallised. It was converted to the methochloride by boiling the aqueous 
solution with hydrochloric acid and barium chloride. The filtered solution 
was evaporated to dryness and the product extracted with absolute alcohol, 
from which, on concentration, the required methochloride separated in almost 
colourless crystals. 

Amino 2-methyl benxthuaeAe . — ^The nitro derivatives was first pre{>ared ,by 
the direct nitration of 2-methyl benzthiazole. 2-methyl benztiuaztfie (14*9 
gm.) was dissolved with cooling in 46 c.c. concentrated snlphuric acid. A 
mixture of 14*9 c.c. concentrated nitric acid (sp. gr. 1*42) and an equal vifiome 
of concentrated sulphuric acid was added gradually, the mixture being oocded 
in ice water and the temperature kept below 16*^. Aftar stonding M 
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xmnutcs at room temperature the mixture was poured into a large volume of 
ice water. The sulphate of the nitro compound, which separated, was filtered 
off, mixed into a cream with water, and made alkaline with ammonia. The 
product was recrystallised from alcohol, and formed colourless needles, meltiim 
at 165-166°. The yield was 12 gm. equivalent to 61*8 per cent, of the theory. 

()vl510gm. gave 19-4 c.c. Nat 18° and 747 mm. N = 14 -69 per cent. 

CgHjOaNjS re<}uiroH N =- 14-4:i. 

The amino derivative was obtained by reduction of the nitro compound in 
the ordinary way with stannous chloride and hydrochloric acid. It was re- 
crystallised from water, and formed long colourless needles melting at 124- 
125°, The yield on reduction was 76 per cent, of the theory. 

0*S197 gm. gave 48'4 c.c. N at 19° and 751 mm. N = 17'24 per cent. 

CgHgNjS requires N = 17-08 j)er cent. 

Acelyl amino 2-melhyl benztkiazole was obtained by heating the amino 
compound on the water bath with half its weight of fused sodium acetate and 
excess of acetic anliydridc. The diluted mixture was made alkaline with 
ammonia, and the product filtered off and recrj’^stallised from boiling water, 
with the addition of a little charcoal. It formed colourless prisms melting at 
149-150°. 

0*3041 gm. gave 35-4 c.c. N at 11° and 750 mm. N = 13-71 per cent, 

CijHioONgS retjuires N = 13-59 per cent. 

Acetylamino ‘2-methyl benzthiazole methosidphate was prepared by heating 
the base in nitrobenzene solution with a slight excess of dimethyl sulphate at 
100°.- The resulting product was filtered, and thoroughly washed with ether. 
It was then used directly for condensation. On crystallisation from alcohol it 
yielded colourless crystals. 

0-3236 gm. gave 23-5 c.c. N at 12-5° and 746 mm. N = 8-45 per 
cent. 

requires N = 8-43 per cent. 

Aoetyfamind 2-methyl benzthiazole methoehloride, obtained as in the case 
of the omxesponding quinaldine derivative, was salted out from the con- 
oentrated aqueous solution of the methosulphate with sodium chloride. 

benzthumie methoehloride.— The acetylamino metho- 
ohloiidSi prepared as above, was boiled for 1 hour with concentrated hydro- 
ohloric aoid. Tha sedation was cooled, diluted, neutralised with ammonia. 
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and Batuiated with sodium chloride. The amino methoohloiide orystidUsed 
on standing, and was filtered, pressed, and dried. It was nsed for condensation 
without further purification. 

Dimethyl amino 2-meihyl bemthiazole methiodide . — An attempt was first 
made to prepare this compound from amino 2-methyl benzthiazole in one 
operation, as described in the former paper for 6-dimethyl amino quinaldine. 
The amino 2-methyl benzthiazole (1 mol.) was boiled with an aqueous solution 
of sodium carbonate (1 mol.) and methyl p-toluene sulphonate (3 mols.). 
Instead of a clear solution, however, an oU, partly soluble in the hot solution, 
was formed. After cooling, this oil was extracted with chloroform, the extract 
dried, and the solvent removed. The residual oil solidified in a freezing 
mixture, but melted again on warming to room temperature. All attempts 
to crystallise it were unsuccessful. The product did not contain iodine, and it 
appeared that the amino group had been methylated (since CO 2 was evolved 
vigorously during the preparation) without the formation of the quaternary 
group. 

The product was finally obtained by heating the oil described above with 
excess of methyl iodide in toluene or alcoholic solution in a sealed tube for 
3 to 5 hours at 100 to 110°. The resulting cystalline deposit was filtered ofi 
and recrystallised from aqueous alcohol containing some sulphur dioxide 
(to remove any periodide).* Small yellow crystals were obtained, which 
on drying at 100° tn vacuo, became colourless owing to loss of water of 
crystallisation. 

0'1614 gm. gave O' 1144 gm. Agl, I =* 38-32 per cent. 

CiiHigNjSI requires I — 38-00 per cent. 

Anil bemthiazole Derwativea , — ^These were all prepared by condensation of 
the benzthiazole quaternary derivative in alcoholic or aqueous alcoholic 
solution with the appropriate nitroso compound. They are very similar in 
appearance to the corresponding quinoline compounds, and crystallised from 
the alcoholic solution in prisms showing a blue or bluidi green reflmc. They 
form blue or blue-violet solutions in alcohol, tiie aqueous solutions being of a 
redder shade. Similar compounds have been previously described by Smilb 
(1923), and Hamer (1929). 

No piperidine was necessary to effect these condensations. 

Slyryl bemthiaxcie Derivativea . — ^These compounds were obtained in the 

* In the abeenoe of snlphor dioxide the iodine oontsnl WM too 



Stiffyl and Anil Benzthiazole Derivatives. 129 

same way as the anils, the nitroso compound being replaced by the appropriate 
aldehyde. Piperidine was in all cases used to accelerate the reaction. 

The products, as in the case of the quinoline compounds, gave redder solutions, 
both in alcohol and water, than the corresponding anils. 

2 (p-Aoetylamino styryl) amino benzthiazole meduichloride separated from the 
alcoholic solution in scarlet needles (or fiat prisms) depending upon the tempera- 
ture of separation). 

0*2719 gm. (dried at 100® in meuo) gave 26*9 c.c. N at 16*6® and 
774mm. N = 11*76 per cent. 

QigHjgONgSCl requires N = 11*68 per cent, 

2 {pAcetylamino siyryl) acetylamino benzthiazole methosvlphate crystallised 
from the boiling alcoholic solution, in which it was prepared, in orange plates 
or flat prisms. It formed an orange solution in water. 

2 (jhAcetylamino styryl) dimethylamino benzthiazole methoofdoride. — ^Dimethyl- 
amino benzthiazole was obtained from the amino compound by the method 
described above. The methiodide (1*1 gm.) was dissolved in alcohol and 
heated, if necessary, to remove sulphur dioxide and p-acetylamino benzalde* 
hyde (0*6 gm.) added with three drops of piperidine. After boiling for 
hours the product was filtered hot, dried and analysed. 

0*2423 gm. gave 18*7 c.c. N at 18® and 761 mm. N 8*84 per cent. 
CfoHjgONjSI requires N = 8*77 per cent. 

It was converted into the methochloride by boiling the methyl alcohol solution 
with silver chloride and evaporating to dr 3 me 8 s after filtering off the silver 
iodide. 

We are indebted to Dr. K. E. Cooper for the preparation of considerable 
quantities of methylbenzthiazole, its nitro and amino derivatives. 
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Some AUphatic and Aromatic Amino Derivativea of x-ijuinoUne 

Methiodide.* 

By J. B. Cohem, F.B.S., K. E. Cooper, and P. 0. Marshall, Medical School, 

Leeds. 

(Recseived January 2, 1931.) 

In a series of papers by Browning, Cohen, EUingworth and Qulbransen it 
was shown that numy of the amino and aoylamino compounds obtained by 
the condensation of derivatives of a-methylquinoline with nitroso-acylamines 
possess active antiseptic, and in some oases mild trypanocidal properties. 
These substances have the following general formula in which X represents an 
amino or aoylamino group. 



N 

/\ 

CH, I 


It appeared interesting to eEamine the physiological effect of substances 
obtained by attaching by means of nitrogen a basic aliphatic or aromatic 8ide> 
chain directly to the «-carbon of the quinoline nudens, replacing in this way 
tire above CH group. These substances are in general easily obtained from the 
methiodide of a*iodoquinoline by the direct action of the base or by using as 
condenmng agent pyridine or piperidine according to the following reaction. 

The action of alkalis on these substances removes hydrogen iodide and an 
imino-componnd results. 



N N 


/\ /\ 

CH. 1 CH, I 

The work reported in this oommunioatloa ' \ done with the rapport of 

Reeeeroh Ckmnoil* 
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A number of these sabstanoes were submitted to Professor Browning of the 
University of Glasgow, who found that they exhibited no marked antiseptic 
or trypanocidal character. 

Similar reactions have been carried out with diamino compounds of the 
aliphatic and aromatic series with basic groups at both ends of the chain of 
the following general formula, 



CH, I CH 3 1 

in the hope that such substances might exhibit antimalarial action, but no 
such effect was observed. 

As these substances have not been previously described, we give the following 
brief summary of the results obtained. 

ExraBnatMTAL. 

lodoquinoline Methiodide. — ^This preparation was obtained by the oxidation 
of quinoline methiodide to N-methyl 2-qninolone (Decker, 1893). The 
quinolone was converted into 2-chloro quinoline, b.p. 272-278° (Perkin and 
Robinson, 1913), and the latter into 2-iodoqoinoline methiodide by heating 
with excess of methyl iodide in a sealed tube at 100° (Roser, 1894). A better 
yield can be obtained by refluxing the chloro-compound with excess of metiiyl 
iodide for 8 days (Hamer, 1928). 

^Methoxtf 2-iodoquin6liine methiodide Tjf-quinanisd was prepared by Skranp’s 
synthesis from anisidine (D.R.P. 28,324). It distils at 163-170°/20 mm. 
The 6-methoxy N-methyl 2-quinolone was obtained from the ootreqtonding 
methiodide by oxidation at 45-30° as described above. It orystaUises 
from petroleum ether in colourless needles, m.p. 80°. It was converted 
into 6-methoxy 2-ohloroquinoline as in the case of 2-ohloroquinoline (see above) 
Md crystallised from alcoh<d, petroleum ether or benzene in colourless plates, 
mup. 107-108°. Pound d, 18*76 ; C*H,N01 requires 01, 18*35 p« cent. 

t-Metkoey 2-4odofumoUne methiodide was obtained by heating the chloro- 
qumabw wMi mnthyl iodide at 100° for 36 hours. It forms bright yellow 
Found 1, 60*1 ; OiiHuNOlt requires 1, 59*5 per cent. 

■X 2 
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Diethylammo-ethffiamine was prepared as follows : — p-brranethyl phth- 
aUmide (20 grains) (Gabriel, 1889) was heated in a sealed tube with diethyl* 
amine (11*5 grains) for 6 hours at 110°. The product was hydrolysed by 
boiling with five times the weight of 20 per cent, hydrochloric acid for 2 to 3 
hours. The mixture was left overnight, the phthalic acid filtered and the 
filtrate evaporated as far as possible on the steam bath. Powdered potaasium 
hydroxide (15 grams) was then stirred in with a pestle and the mixture extracted 
with benzene which dissolved the base. The benzene solution after dehydra- 
tion over solid potassium hydroxide was distilled. The base boiled at 
75°/20 mm. and }delded 2 grams of a colourless liquid with a strong 
ammoniacsl smell which fumed in the air. 

DiOhylandm-propylamine was obtained by a similar method to the above 
by heating y-hromopropyl phthalimide (18 grams) with diethylamine (11 
grams) in a sealed tube for 6 hours at 110°. The base was separated as described 
above and yielded 2*5 grams of a pure, colourless liquid which fumed in the 
air and boiled at 90°/20 mm. 

p-Amino benzyldtethylamine was prepared by mixing p-nitrobenzylbromide 
(9 grams) with diethylamine (3 grams) dissolved in a little alcohol. A vigorous 
action occurs which was completed by heating on the steam bath for half an 
hour. The product was dissolved in dilute hydrochloric acid, filtered from 
insoluble matter through a fluted filter, the solution made alkaline and 
extracted with ether. The ether after dehydration was removed and yielded 
7 *5 grams. The nitro-compound (7*6 grams) was mixed with alcohol (19 o.c.) 
and tin (6*3 grams) and concentrated hydrochloric acid (38 c.c.) slowly added. 
When the action had moderated, the mixture was heated on the stemn bath 
until the liquid gave a clwr solution with water. The base was extracted 
in the usual way. It distilled at 177-178°/20 mm. as a colourless liquid; 
the yield was 6*6 grams. 

p-Amino^henfflOhyldiethylamine . — ^Phenyl ethyl bromide (13*5 grams) pre- 
pared from phenyl ethyl alcohol was mixed with diethylamine (10*6 grams) 
in a sealed tube and heated in a steam bath for 6 hours. The product was 
dissolved in dilute hydrochloric acid and unchanged bromide removed (8 
grams). The solutbn yielded 7*6 grams of base, b.p. 120*-122°/20 mm. 
Urn base, 7*6 grams, was dropped slowly into fuming nitaric acid (80 o.o., iqp. 
gr. 1*6) kept at —10° to —6° and then poured on to ice (Barger, 1909). The 
base was precipitated by alkali and extoicted in the usual way with ether. 
It jrielded 8*8 grams of a pale yellow nitro-compound. ^e latter was reduced 
with tin and hydrodiloric acid and gave a colourless hquid base (7*4 grima^ 
b.p. 170-176720 mm. 



Some Aliphatic and Aromatio Amitio DenvaHvea. 


138 


Compounds of lodoquinoline Methiodide with Monamines. 

The following oompoimde were obtained by boiling the iodo-oompoiiud 
with a slight ozoess of an alcoholic solution of ammonia or the base for |-1 
hour. 

2-^mtno9utno2i»e methiodide by the action of alcoholic ammonia. It crystal- 
lises from alcohol in long yellow needles, m.p. 25(^251^*. Boser (1894) gives 
247“. 

2-Dimelh.ylamino-qmnoline methiodide by the action of dimethylamine. It 
crystallises from alcohol in yellow needles, m.p. 199-200° (Roser, ibid., gives 
197°). 

2-Dietkylamitio-quinoline methiodide by the action of diethylamine. It 
crystallises from alcohol in yellow needles, m.p. 202° (decomp.). Found, 1, 
36-9 : requires I, 37 *2 per cent. 

2-{p-Anisykmino)~quinoline methiodide by the action of p-anisidine in €0 
per cent, alcohol. It crystallises from water in pale buff needles, m.p. 230- 
231°. Found, I, 32*1; Gi7Hj70N,I requires I, 32*4 per cent. Alcoholic 
ammonia converts it into a halogen-free base, m.p. 114-115°, crystallising in 
yellow needles from dilute alcohol. It combines with methyl iodide, giving a 
methiodide which crystallises in golden yellow plates from water and dilute 
alcohol, m.p. 185° (decorap.). Found, I, 31*7 ; CigH]i,ON|l requires I, 31*2 
per cent, 

2-{o-Anisylamino)-qu.inaline mahiodide by the action of o-anisidine in 60 
per cent, alcohol. It crystallises in pale yellow needles from water, m.p. 
224-226°. Found, 1, 32*56 ; requires I, 32*4 per cent. Alcoholic 

ammonia forms the halogen-free base, which is soluble in ether and crystal- 
lises in yellow needles, m.p. 95-96°. With methyl iodide it yields a methiodide 
which crystallises from alcohol in needles, m.p. 192° (deoomp.). Found, I, 
30*93; CjgHDONgl requires I, 31*2 per cent. These compound probably 
lose hydrogen iodide with ammonia and then unite with methyl iodide as 
follows 
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N 


/\ 

CH, I 


xA/- 



N 

I 

CH, 



%Pipmdyl quinoline methiodide wae prepared by the action of piperidine. 
It cr 3 nrtalli 8 e 8 from alcohol in yellow needlee, m.p. 195°. Found, I, 35*96 ; 
requires I, 35*90 per cent. 

2~{6-Amino quinaldine) quinoline methiodide was prepared by the action of 
6-amino-quinaldine. Crystalliaed from water and then from aloohol, it forma 
smaU orange plates, m.p. 170°. Found, I, 29*4 ; CmHigN,! requires I, 29*7 
per cent. 

Compounds of lodoquinoline and Q-MeUuxey-iodoquinoUne with Diamines, 

Ethylene dimnine bis-quinoline methiodide was obtained by the action of 
ethylene diamine. It was oiystaUised first from aloohol and then boiled with 
acetic anhydride for 3 hours, precipitated with water and finally orystalliBed 
from water. It gave colourless crystals, m.p. 286-288°. Found: I, 42*4 ; 
N, 9*5 ; requires I, 42*6 ; N, 9*4 per cent. 

2-{y-D{effafiamino ^-hydroxypropylamino) quinoline m^hiodide was formed 
by the action of NH| . CHtCH(OH) . 0H,N(C|H,), (prepared from 
epiohlorhydrin and diethylamine, D.R.P. 473,219). It was orjrstallised 
from alcohol. It forms microscopic, colourless crystals. Found : I, 46*3 *, 
CirHjirON^i requires I, 46*8 per cent. By boiltng with alooholid ammonia 
a base was obtained, m.p. 180°. Found: I, 30*8; CiyHmOKgl requires I, 
30*6 per cent. The first product is probably 

C^(CH,I)NH.CH,.CH(0H)CH^(C^.H3. 
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2-Dieikylamim-^ihjflamino gwnolme mdhiodide. — Dietii 7 lamuM>*ethylamme 
and iodoqninoline methiodide in molecular proportions were mixed and stirred, 
when heat is evolved. The mixture was then heated for half an hour on the 
steam bath. The product wasdissolved ina little boiling water, filtered fromany 
unchanged methiodide and cooled. The filtrate deposited clusters of flattened 
prisms of the hydriodide having a faint pink colour, m.p. 241° (decomp.). 
Found : I, 49- 1 ; N, 8*3 ; requires I, 49*6 ; N, 8‘2 per cent. 

2-JDwt%2a»iMto-e(4ykim»no-6-wietAoa^ quinoline mdhiodide. — ^Methoxyiodo- 
quinoline methiodide (1 gram), diethylamino ethylamine (0*6 gram) and 
pyridine (1 gram) were heated on the steam bath for quarter of an hour and 
on cooling, excess of dilute hydriodio acid was added. The solution was 
filtered hot and on cooling the hydriodide of the base separated in fine needles 
with a faint pink colour, m.p. 203-804'’. Found : I, 46*9 ; 
requires I, 46*8 per cent. 

2~DieUt,ffl(mino~]nropf/lamino-quinoline me^iiodide. — ^Diethylaminopropyla- 
mine dissolved in twice its volume of benzene was added to three times its 
weight of the iodo-quinoline methiodide. The mixture became hot. It was 
then heated on the steam bath for a quarter of an hour and the product dis- 
solved in boiling water, filtered from any iodoquinoline methiodide and the 
crystalline hydriodide recrystallised from water. It forms flattened prisms 
with a faint pink colour, m.p. 216° (decomp.). Found: N, 8*25; C„H«N,I„ 
requites N, 8*0 per cent. 

2-Dietkylamino-propylamino-Q-methoxy quintdine methiodide . — The com- 
pound was prqMured in the same way as the diethylaminoetbylamino deriva- 
tive (see above) using equal weights of the base, methoxyquinoline methiodide 
and pyridine. The product crystallises in needles from alcohol having a ^le 
yellow colour, m.p. 229-230°. Found: I, 46*6; C|,H|^,I, requires I, 
45*6 per cent. 

2-(]^.dm»no-jgAeny2amtno) quinoline dihydroeUoride was obtained by tiie 
action of p-aminoacetanilide followed by hydrolysis with alcoholic hydrogen 
chloride. It crystalUses in colourlon leaflets, m.p. about 270° (decomp.). 
Found : C3, 23*28 ; CisHuNaClj requires G, 23*05 per cent. 

2-(i^l)imefi^fkim»no-pheny2Afntno) qydndine mdkioddde was obtained by the 
*otum of dhuethyl p-phenylene diamine in 60 per cent, alcohol solurion. The 
hydriodide crysti^ises in yellow brown needles. Addition of pyridine to an 
alocihic^ Boiution df tiie hydriodide removes hydriodio aoid, giving the methio- 
^de triiioh otystalliBeB in red brown needles, m.p. 241° (decomp.). Found : 
1, 81 requires I, 31*36 per ^ 
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The hjrdxoohloxide obtaiaed by the addition of alooholio hydrogen chloride 
to the base in aloohol has a greenish tint and dissolves readily in water. It 
mrite with deoomposition at about 205**. Alooholio anunonia yields after a 
few minutes boiling a halogen-free base, which dissolves in ethw and orystallises 
in needles, m.p. 129 ’5°. It is probably represented by the formula : 



I 

CH, 


On heating the base with methyl iodide under pressure a methiodide is obtained 
in yellow-brown needles from water, m.p. 223-224° (decomp.). Found : 1, 
30-9 ; requires I, 30*3 per cent. 

2 -(p-/lmtfto- 6 enzy{d»e(hyIamino) quinoline melhiodide . — ^lodoquinoline methio- 
dide (2 grams) and the base (1 gram) dissolved in a little benzene were mixed 
and stirred and heated for half an hour on the steam bath. The product was 
dissolved in hot water, filtered and crystallised. The hydriodide separates 
in yellow prisms with rounded ends, m.p. 241°. Found: I, 44*9; N, 7*14, 
CnHg 7 NgI| requires I, 44*2 ; N, 7*31 per cent. 

2-(jhAmiino-beneyliMylamiw) 6-meihoxy-quinoUne methiodide. — ^Methoxy- 
quinoline methiodide (1 gram) p-aminobenzyl-diethylamine (0*5 gram) and 
pyridine (1 gram) were heated for not more than a quarter of an hour on the 
steam bath and stirred. The product which had a dark brown colour was 
treated with cold absolute aloohol, filtered and washed with aloohol. The 
li|^t brown crystalline precipitate remaining on the filter was crystallised from 
dilute hydrochloric acid. The hydrochloride forms dusters of prisms of a 
light buff colour. The yield was 0*5 gram, m.p. 245° (decomp.). Found : 
1 gram =3 0*7461 mixed silver halides ; theory, 1 gram = 0*7372. 

2-(jhAmino-phef^ldhyldieihylamino) quiwdine methiodide. — ^lodoquindine 
metUodide (1 gram) p-aminophonyl-ethyldiethylamine (0*5 gram) pyridine 
(1 gram) in 10 c.c. absolute alcohol were mixed and left at the ordinary tmnpera- 
tore for 24 hours. It turned dark red. The product was dissolved in hot 
alcohol with addition of a little hydrochloric add. Clusters of fiine needlM of 
a deep red coloiur separated, which were filtered and washed. On dissrivihg 
the jpsd needles in wator, orystaLs of a rhombohedxal shape and buff oolow 
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aeparated. The eubstonoe is apparentiy the hjdriodide of the base. Fonsd : 
I, 43*4 ; CnHigNylt requires 1, 43*1 per cent. 

"i'ip-AiniHo phmylethyldidhylcmino) 6-methoxy-yuinolim mdhiodide. — Meth- 
oxy-iodoquinoline methiodide (1 gram), aminopheaylethyl diethylamise (0*6 
gram) and pyridine (2 grams) were mixed and kept at 46** for 16 hours. The 
product was filtered, washed with absolute alcohol and the residue dissolved 
in the smallest quantity of hot, dilute hydrochloric acid. Clusters of brown, 
needle-shaped crystals separated, which, after drying in vaouo, melted at 260° 
(deoomp.). Like the above, the product (it is the hydriodide for the same 
product) was obtained when it was crystallised from hydriodic aoid in place 
of hydrochloric acid. Found ; I, 40*6 ; CggHiiONsIi requires 41*0 per cent. 
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The ^productive Processes of Certain Mammeds. Part I. — The 
GEstrous Cycle of the Chinese Hamster (Chricetulus griseue). 

By A. S. Parkxs, Fonlerton Student of the Royal Society. 

(Oommunioated by C. L. Evans, F.R.S. — Received January 22, 1931.) 

[Platis 6-7.] 

1. IiUroduaion. 

The rapid growth of experimental work on reproduction has tended to 
obscure the fact that our knowledge of the foundation of the subject, t.e., 
of the comparative morphology of the reproductive processes, is still renuudc- 
ably meagre. Detailed information as to the morphology of the changes 
occurring during the oestrous cycle is available for less than a dozen species, of 
which the mouse, rat, guinea-pig, rabbit, ferret, dog, pig and cow are best 
known. Some inadequate data on sheep and horses and one or two Mar- 
supials and Primates are also available, but the total is insignificant compared 
with the wealth of material available even in a country with a restricted 
fauna (see Marshall, 1922, and Parkes, 1929). At the moment, for instance, 
we ate almost completely ignorant of the cycle of even the domestic cat. Of 
the species for which information is available, only two (the rat and mouse) fail 
to differ from every other in well-recognised features, and there is little reason 
to doubt that the study of further species will reveal new types and variations. 
At the moment it seems clear that the experimental work of the last few years 
is rapidly outgrowing its foundations, which have been but little added to 
during this period. 

It seemed essential, therefore, that efforts should be made to increase the 
range of our knowledge of the comparative morphology of the oastrons cycle, 
and the present paper constitutes the first of a series designed to reo(»rd Ae 
results of wtnk in this direction. 

II. Matericd and Technique. 

Crieelulua griseus, the Chinese hamster, is a native of ddna Mod Bastern 
Aria genially, and is a nocturnal rodent closely related to the rat and znotise, 
Some notes on fertility and pre-natal death have been made by Fartltt)m 
(1929,19290,1930). 
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The snimalB tued in thie work were given by Professor £. Hindle to Professor 
J. P. Hill, who very kindly passed them on to me. Two males and 10 females, 
weighing between 26 and 36 gm. and all apparently adult, were received. 
Of the females, H3 was kept under observation for some weeks but is not 
available for histological description owing to sudden death, while H2, H7 
and H9 showed no signs of oyclic changes and their ovaries were snbsequentiy 
found to be in an advanced stage of fatty degeneration. A fifth hamster 
(H6) underwent cyclic changes in the vagina, but the ovaries also showed 
extreme fatty degeneration, and were useless. Two stages of the ovarian 
cycle were obtained from most of the remaining animals by means of a pre- 
liminary unilateral ovariectomy. The operations were carried out as previously 
described for mice. 

Vaginal smearing was performed as usual, once a day as a routine, but every 
8 hours during the time when the exact length and nature of the cycle was being 
studied, and also preparatory to killing the animals. The smears were stained 
with Leishman’s compound or safranin. Ovaries, uteri and vagina were 
fixed in Bouin’s fluid as a routine, two ovaries only being fixed in Flemming’s 
fluid. Complete serial sections were cut of all ovaries. 


Table of Available Material. 


No. 

id 

Stage of cycle. 

H6 

Pro-oNitros ^ 

H8 

CEstrus (eariy) 

HS 

» (mW) 

HIO 

fS SO 

H4 

!• (late) 

H5 

Met«csstrus 

HI 

Diensirus (eariy) 

HI 

» (mid) 


Material available. 



Right ovaiy, uterus and vagina obtained at autopsy. 
Both ovaries, uterus and vagina obtained at autopsy. 


t> ts •» tf 

Left ovary obtained by operation. 

Ri^t ovary, uterus and vagina obtained at autopsy. 
Left ovary obtained by operation. 


in. General Morphology of the Beprodactive Organa. 

The reprodvotive organs of the Chinese hamster are remarkably similar 
to Uiose of the rat and mouse. The ovaries are bean-shaped, and oompletdy 
Biudbaed within a fibrous capsule developed from the peritoneum. The 
Fallopian tube k kmg, but much coiled, as in the mouse. The uterus is oom- 
I^otely IrnKJEnuate, the cornua fusing just above the cervix. There are two 
<listinct cervical cmials throned the greater part of the cervix, but these jom 
and form a sini^e oaiud immediately before entering the vagina. As in the 
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mouse, the oUtoria is large and distinct £rom the vaginal orifice. The urethra 
runs down along the vagina and finally emerges through the clitoris — tiiere is 
thus no uTo-genital sinus in the hamster. The mammary glands are distributed 
over the thorax, abdomen and inguinal region, 4 to 5 pairs being the usual 
number. 

The male hamster is remarkable for the large size of the testes and accessory 
glands, which have been described in the European species by Grosz (1905). 

IV. QenercH FecAwet of the Cycle. 

Although the two males showed spermatogenesis and appeared to be per- 
fectly normal on autopsy, while half of the females at least had normal oestrous 
cycles, no copulation was observed and no breeding took place. Attempts at 
mating invariably resulted in a violent fight and defeat of the male, one of 
which, not being rescued soon enough, was killed by the female. No explana- 
tion of this antagonism was forthcoming, unoe it was apparent when the female 
was in the stage of ovulation, as well as during dioestrus. Judging by the 
cyclic changes in the females, no restricted season of sexual activity occurred. 

Owing to the failure to induce copulation, it was not possible to make 
observations on pregnancy, pseudo-pregnancy or lactation. Professor J. F. 
Hill, however, has allowed me to look over sections of some hamster uteri sent 
to him from China. These uteri were originally thought to contain embryos, 
but liistological examination showed that the nodules in the uteri were not 
caused by embryos, but were due to the presence at fairly regular intervals 
on the mesometrical side, of large glandular-looking bodies between the 
muscular layer of the uterine wall and the peritoneal covering. These bodies 
are very similar in appearance to corpora lutea, and are almost certainly 
secretory in nature. They appear to constitute definite myometrial glands, 
such as have been alleged by Bonin and Ancel to occur during the latter half 
of pregnancy in the rabbit. In these hamster uteri, however, the glands are 
perfectly definite and obvious, their average maximum diameter being about 
1*5 to 2'0 mm. As many as 8 to 10 of these bodies occur in one cornu (see 
Plate 5, fig. 1). Since the uteri in question contained no embryos and since 
similar stands were not found in the animals described in this paper, it is not 
easy to explain their occurrence in these uteri behmging to Professor iBU. 
It u possible, however, that the glands develop during pregnancy and ahro^y 
only slowly during lactation, when they woidd be found in the non*peegnpmt 
uterus. 

In four animals completely free from signs of fatfy degeneration, 32 iolUdes 
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due to ovulate at the next OBstrus were found, representing an average of 
four per ovary. Judged by this criterion, the size of litter in the Chinese 
hamster is not materially different from that of the mouse. 

The Nature of the (Estrous Cyde . — ^While information as to the complete 
sexual cycle has not been available, fairly adequate data have been obtained 
on the nature and length of the normal oestrous cycle in the unmated female. 

Since associated changes in the vagina have proved an invaluable guide to 
the ovarian cycle in related rodents such as the mouse, it was anticipated that 
examination of the vaginal contents of the hamsters would reveal cyclic changes 
of a similar kind. In practice, examination soon showed that the vaginal 
epithelium underwent cyclic change.s of a type very similar to those found in 
the mouse and rat. As in these animals, the most striking phase in the vaginal 
cycle is that characterised by the occurrence of large blocks of comified epithelial 
cells in the smear. This phase was subsequently found to correspond, as in 
the rat and moose, with the maturation and ovulation of the Graafian follicle. 
Distention of the uterus at this time, as found in the mouse, also occurred in 
the hamster. The length of the cycle in the hamster is very similar to that 
in the mouse, the average time from ovulation to ovulation in the unmated 
condition being a little under 5 days. 

Length of the (Estrous Cyde . — ^Aiutlysis of the vaginal changes, which were 
found to be diagnostic of the ovarian cycle, showed that variation in the length 
of cycles in the five normal hamsters available was not appreciable. Table I 
shows the individual histories of the animals. 


Table I.— Length of Cycle in Indmdual Unmated Hamsters. 


No. of 
honuior. 

Length of oyoks. 

Total 

cycles* 

ATonfB 

length. 


dayi. 


dsys 


., 4 , .4-4 .■4.4'-4. A ■■ 6 ■' 

n , 

4-2 


«-4-5-4-4-6-7-S-a-3 

10 

4-7 


.4 4_4 .5 5 ^ 

11 

4*0 

Kh 

8 - 4 - 4 - 4 --a -4 4 - 6 - 4 -S-S- 4 - 4-8 

14 

4*0 

HI 

A « Ji A ..A A_A gui 14 A i 4 A 4 7 4 4^ 

21 

4^5 



The average length of c^cle is thus 4*3 days. The frequency distribution 
is given in Table II. 
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Table II. — ^Frequency Diatribution of Length of Cycles in Unmated 

Hamster. 

Total. 

Length of oyelo in doye 3 4 6 0 7 

Numter of cycles 11 M 11 0 8 M 


For this series o* = 0‘96 and the mean length of cycle is thus 4'3 i 0‘079. 
These records include all the cycles observed, except five erratic cycles in 
H6, which was subsequently found to have ovaries in an advanced stage of 
fatty degeneration and which is not considered in the present paper. 





Len*:th of cycle, in day* 

Fi». 1. — ^F^uenoy polygon for length of ontfons oyole in nnnated hamster. 

V. Cyclic OhangcB in the Ovariee, Utenu and Vagina. 

Vaginal Oyde . — ^The vaginal cycle, initially investigated by examination of 
the nature of the vaginal contents, is very similar, both in nature and in the 
duration of the phases, to that occurring in the mouse. The chief difference 
is that in the hamster the changes are even more definite than in the mouse ; 
the stage in which the vaginal contents consist solely of nucleated epitiielium 
being remarkably prominent. The longest phase is, of course, that in which 
large numbers of leucocytes associated with some nucleated epithelial oeUi 
make up the vaginal contents. This phase lasts some 2 to 3 days, and is 
superseded by one in which the vaginal contents oonstst solely of nudbated 
epithelial cells. This stage is of short duration, usually less than 1 day. The 
nimleated cells are gradually superseded by ootnified e{Hthdial oeSs, which 
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of the Graafian follicle in the ovary. The stage of comifioation lasts 1*^ to 2 
days, ovulation taking place towards the end of the phase. In one or two 
unusual cycles, appreciable quantities of nucleated cells appeared in the 
vaginal smear towards the end of the comihed stage. This may bo accounted 
for by supposing that in such cases very severe desquamation of the epithelium 
took place. Leucocytes th«ti return, followed by nucleated epithelial cells, 
the cornified cells disappear, and the smears return to the interval type. 



S- cUiy l(y*^dijy II - day 12^ day 

■M Dioettrua, including mct-oeatruK 


P»-o-«eatruB 
fzzzza CE»tni5 

Fio. 2. — ^Vsc^nal smear aequmioe in Hamster 5. 

lUuBtntions of the varioos types of smear are given in Plate 7, figs. 1 to S. 
In view of this close oorrespondenoe with the cycle in the rat and the mouse 
it seems quite legitimate to apply the same terms, t.e., dicestrus, pro-OBStms 
and CBstrous to the saooessive phases. The reservation should be 
however, that since no copulation was observed in tihese animals, an important, 
if not the most important, criterion of the oestrous phase is mimring pig. 2 
shows the actual sequence of events and their time relations thmiigh three 
cydea of H6. 

On a bams of the data ^ven in Section IV and of analysis of the phases of 
the cycle, the following average figures may be given for the length of the 
oyde and of its phases 

Days. 


Total oyde 

Pro>owtrus | 

— IJ 

Ifotoistriis 

INoMitxiu . . / * 


The Omirkm growth oonree <rf Qtit*fiftn i(d^ 

corpora lutea through the 4^Ie are diowii in fig. 3. The foOides fine ^ cmdate 


s 

8 

c 

C 

E 

4EJ 

S 


f i? 

D«iV.5i 

Fm. 8. — ^The ovadan oyda in tlm haantter. 

at any given oestrus only become distinguishable from the gronp of mn all 
fdlioles after the pieoefiing oestrus. Qrowth appears to be fairly steady li^t 
up to the time of ovulation, which occurs at the very end of the phase character- 
ised by comificatiou of the vagina. During the growth preceding ovulation, 
the follicle more than doubles its diameter, increasing from about 0*2 mm. to 
over 0’4 mm. This represents an increase of about 10 times in volume. No 
follide in the course of .ovulation, or immediately after was obtained, but the 
time of ovulation can be judged from the fact that the latest specimen obtained 
during the stage of vaginal comification possessed the largest follicles observed, 
while the earliest post-cestrous speciinen (12 hours after the reappearance of 
leucocytes) showed young hollow corpora lutea. These corpora lutea were 
larger than the largest follicle obtained. The sire of the corpora lutid is 
maintained during the second day of dicestrus, after which a ra|rid decaease 
occurs. By the time of the next oestrus, the corpora lutea from tith ^UiMedirg 
ot^tian ate so small and shrudEcn as: io be hardly defrotabk. Thfr ra{^ 
4cc%ie in ^ of the corpora lutea is in stti]dng c<mtrast to the^^ m 
in w^eh, as mai^ as three or lour sets cot^m hitoa, frfoMiatoEting d^ 

appear that 


^oirpitK^ ovary 








Varhis. 


Proc. Rot/. Hoc., ]i, rol. I OS, PI. 1. 



Fiu. :i. 


l-'Ki. 4. 




th6 eztzeine oondiijon of uteriiw dilAtion foond at oMitnw in the mouee does not 
oocur in the hamster. The most distended hamster utems found, taken at 
a stage when dilation would be complete in the mouse (t.e., second half of 
oestrus) is shown in Plate 6, fig. 2. While this specimen shows nothing like 
the condition found in the mouse, it is definitely difierent from the hamster 
uteri at other'stages of the oy^cle, which had small discreet lumen. The uterine 
epithelium shows fairly definite changes during the cycle. In dioestrus the 
epithelium is low columnar, with the nuclei arranged fairly regularly at the 
base. Leucocytes are migrating through (Plate 6, fig. 1). The uterine 
glands appear to be inactive during this stage. At pro-OBStrus the epithdium 
is still low columnar (Plate 6, fig. 2) but leucocytes have ceased to pass throu|^ 
and the glands have become filled with secretion. As the vaginal oomification 
stage appears, the epithelium becomes taller and the glands begin to empty 
(Plate 6, fig. 3). In the most distended uterus the epithelium has become 
2 to 3 cells thick and large numbers of leucocytes have begun to pass through 
again (Plate 6, %. 4). 

It is clear that the 4|-day cycle of the immated hamster is characterised by 
comparative or complete inactivity of the transitory corpus luteum, and Uie 
failure to obtain pregnant or pseudo-pregnant uteri has precluded the study 
of pie-gestational changes of the endometrium. 

VI. Sunmary. 

(1) Specimens of Crieelvlua griseus, the Chinese hamster, failed to breed 
under laboratory conditions. This failure, however, c.ould not be traced to 
any abnormality of the reproductive organs of either sex. 

(2) About half the females possessed perfectly normal reproductive organs 
(the remainder showed various degrees of fatty degeneration of the ovaries), 
and underwent a succession of short oestrous cycles similar to that of the 
moitte. 

(S) The avocage length of the cycle was 4* 3 days. A summary of the ohanges 
oocarting in the ovaries, vagina and uterus is giveu in Table IIL 

(4) The average number of maturing fdlides was eight, so tihat the nee of 
Utter is presibnaldy rimilar to that of the mouse. 

(5) %«ahneWolCM^ field(in thepossMiriem of l^fessor 

J. P. HiO) shew a number of extnmrdinary bodisB in the uteme widl. Them 
bodies are olmotH^ (j^uidiilar m nature, and amnhi repeat to be^^t^ 
metrial 

specimens, th<^! cl: the ' 



Table III.— Summary of fiveuta in the CEstroua Cycle of the Unmated Hamster. 


A. S. Parkes. 



about 0*2 
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The work described was made possible by the kindness of Professor E. Hindle 
and Professor J. P. Hill, P.R.S., through whom the material was secured. I 
am also indebted to Miss M. Hill for histological assistance. 

The expenses were defrayed from a grant from the Medical Research Council. 

DESCRIPTION OF PLATES. 

Chiide LeUerft, 

O.E,, oomified epithelium ; comified epithelial cell ; C.L.p corpus luteuxn : 

IKL,, partially distended lumen ; Epithelium ; 0., foUioular granulosa ; L., leucocyte ; 
M.G,, myometrial gland ; N,E.C.^ nucleated cell ; stratified epithelium ; theca 
externa ; T./„ theca interna ; f/.L., uterine lumen ; t/.Jlf., uterine mucosa. 

Plato 5. 

Fio. 1. — Myometrial gland in wall of hamster uterus (Professor J. P. HiU’s material). 
X 25. 

Fig. 2. — ^Uterus of Hamster 4 in second half of oestrus, showing partial distention of 
lumen, x 25. 

Fig. 3. — ^Vagina of Hamster 4 in oestrus, showing intense oornification of the vagina. 
X 20. 

Fro. 4. — Corpus luteum in left ovary of Hamster 5, mid dioestrus. Cavity not com- 
pletely closed. X 130. 

Plato 6. 

Fig. 1. — Uterine epithelium of Hamster 1, mid dioestrus. Low columnar with leucocytes 
passing through, x 450. 

Fio. 2. — Uterine epithelium of Hamster 5, pro-oestrus. Low columnar, no leucocytes. 
X 450. 

Fio. 8. — ^Uterine epithelium of Hamster 8, mid-oestrus. Thickening set in, no leucocytes. 
X 450. 

Fig. 4. — ^Uterine epithelium of Hamster 4, late oestrus. Epithelium thickened, with 
abundance of leucocytes passing through. X 450. 

Fig. 5. — Vaginal epithelium of Hamster 4, comifioation. x 325, 

Fig. 6. — Follicle wall in Hamster 8, showing theca interna, x 400. 

Plato 7. 

Fig. 1. — Smear of vaginal contents in dioestrus. Nucleated epithelial oeUs and leucocytes. 
X 96. 

Fio. 2. — Smear of vaginal contents in pro-osstrus. Nucleated epithelial cella only. X 95. 
Fio. 3. — Smear of vaginal contents in osstrus. Oornified epithelial cells only. X 93. 

Fm. 4. — ^Vaginal mucosa in diosstrus. x 275. 
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Heat and Osmotic Change in" Muscular Contraction without 
Lactic Acid Formation. 

By A. V. Hill, F.R.S. (Foulerton Professor), and J. L. Parkinson, 
University College, London. 

(Received February 7, 1931.) 

It was shown by Lundsgaard (1930, a) that a muscle poisoned with mono- 
iodo-acetic acid (lAA) may give a number of apparently normal contractions 
without the liberation of any lactic acid. After 50 to 100 twitches a character- 
istic form of contracture sets in. Phosphagen, as creatine-phosphoric acid 
(vertebrate muscle), or as arginine-phosphoric acid (crustacean muscle), is 
broken down (Lundsgaard, 1930, a, 1930, 6, 1931), supplying presumably a 
large part, if not all, of the energy set free. This paper describes an investiga- 
tion (a) of the total heat liberated during stimulation to complete exhaustion 
in the absence of oxygen, and (6) of the resulting change of osmotic pressure. 

A pair of frog’s sartorii (Dutch /?. esc.) was mounted on a double ” thermo- 
pile of the usual type (Hill, 1928) and placed in a thermostat maintained within 
about 0-001® at 20*3° C. They were then soaked, in position, for 2 hours, 
in phosphate Ringer’s fluid (pu 7*2, 10 mg. P/100 c.c.) through which oxygen 
was bubbled. This was then removed and the procedure described by Hill 
and Kupalov (1930) was carried out to calibrate the apparatus for vapour 
pressure change. 

(A) The chamber was rapidly washed out with Ringer's fluid of 1 *5 times the normal 
strength (1*6 R). 

(B) After half^an-hour the steady deflection — was read, by reversing it in the 
galvanometer with a copper reversing key. 

(0) The chamber was then rapidly washed out with Ringer's fluid of 0*5 times the 
norma] strength (0 * 5 R), 

(D) After half-an-hour the steady deflection -f-Hs was read as before. 

(£) (H| + H|) was then taken as the deflection due to a diflerenoe of vapour pressure 
between muscle and chamber equal to that between Ringer's fluid and water. 

(F) From this the increment in resting heat rate in niWogen" due to sttbeequent 
stimulation could be expressed in terras of increased osmotic pressure. 

A standard 0 • 4 i)cr cent, solution of lAA had been prepared frdtn the crystal- 
line material, kindly made for us by Dr. H. B. Ing, and neutralised. This was 
added to normal phosphate Ringer 'S fluid, of the sanm c<mip(wiHon before, 
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to make a 1/25,000 to 1/12,600 solution. The chamber was filled with this 
solution and the muscle soaked for 45 minutes ; oxygen was bubbled through 
for the first 30 and pure nitrogen for the last 15 minutes. The solution was 
then replaced by pure nitrogen, without admitting oxygen, and as soon as the 
deflection was constant it was read by reversal and stimulation commenced* 
Single shocks were given, 30 to 180 per minute, and continued till all sign 
of heat production had ceased. The total heat was measured from the area 
of the deflection-time curve (Hill, 1928, p. 120), a suitable resistance being 
inserted in the circuit to keep the deflection on the scale. The mechanical 
response was recorded on a smoked drum with an isometric lever. It is not 
sufficient to continue the stimulation merely so long as the mechanical response 
is visible. The latter seems to disappear (but see below) long before all the 
heat has been produced. Stimulation was not stopped imtil the galvanometer 
had returned to a constant position for at least a minute ; this required 6 to 
10 minutes according to the rate. The resistance was then removed and the 
final deflection was read, as before by reversal, at intervals for several minutes. 
From the increment in the deflection the vapour pre438ure change, and thus the 
increase of osmotic pressure, could be determined. Calibration was fijmlly 
carried out as usual, and the muscles weighed. 

In the earliest experiments it was noticed, as oontraotuxe set in, that the meohanioal 
response (as reoorded with a lever on a drum) continually diminished, and finally dis- 
appeared at a time when there was still obvious heat production. This was thought, at 
first, to be an example of a phenomenon often looked for but never verified (see Gasser and 
Hartrse, 1924), vis., of ** heat production without contraction.^’ Later, when the muscle 
was connected to a very sensitive optical lever, it was found that a small meohanioal respmise 
was sffil to be seen so long as any heat was produced by stimulation. The ratio of tension 
to heat diminished indeed, but not to zero ; presumably the rigidity of the muscles, due 
to the oontractare, diminishes the external manifestation of the mechanical response 
and the friction of an ordinary lever prevents this diminished response from making 
any record’ on smoked paper. Other workers (s.g., Lundsgaard) have found that 
the phosphsgen of an lAA-muscle does not completely disappear on stimulation to 
apparsQt exhaustion. Possibly if stimulation had been continued longer they, might 
have found still less phosphagen, or none at all It is clear in any case that maximal 
oontiraoture may occur before all the energy is liberated, presumably therefore before all 
the phosphagen has broken down. 

Table I containe a suxomary of all the valid experiments performed with 
lAA-musoleB. At the end, for comparison, a series of eight experiments 
(TaUe II) was made with noxmal musoles ; the mean change of osmotio 
pressure determined from the latter agrees closely with that given by Hill and 
Kupalov (1930^ p. 467). Bach experiment occupied a day, and several 
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TaUe I. — Heat and Osmotic Change in Frogs’ Muscles {R. esc.) Poisoned with 
Mono-iodo-acotic Acid (lAA) and Stimulated to Exhaustion in Nitrogen. 





D»te. 




Deo. 4. 

Dec. 8. 

Deo. 9. 

Dec. 10. 

Deo.ll. 

Deo. 12. 


1 

1 

1 1 

1 

i 

1 

1 


2fi000 


26000 

25000 

20000 

12500 

KlnntoB ioaking 

45 

45 

45 

60 

60 

46 

Shooks per minute 

20 

— 

— 

30 

30 

30 

Hast: o*L/g 

0*300 

0*423 

0*452 

0*423 

0*438 

0*478 

Osmotio change s p.o. NaCl.... 

0*222 

0*161 

0-266 

0*167 

0*176 

0*157 

t 

1 

t 


! 



i — — 


Date. 




Dec. Ifi. 

Deo. 16. j 

Dec. 17. 

Dec. 18. 

Dec. 19. 

Deo. 20. 

Concentration of lAA 

I ! 

1 

1 

) 

1 

1 

1 


12500' 

12600 

12500 

12500 

12500 

15009 

Mhrates soaking 

60 

60 

45 

60 

46 

45 

Shooks per minute 

46 

45 

46 

46 

45 

45 

Boat: oal./g 

0*338 

0*264 

0*265 

0*326 

0*284 

0*803 

Osmotic change s p.c. NaCl.... 

1 

0*160 

« 

0*114 

0*089 

e 

0*118 

0*182 


Date. 


i 

1 

1 Dec. 31. 

1 Jmi. 1. 

1 i 

j Jan. 2. I 

1 1 

1 Jan. 8. 

1 Jan. 4* 

Jan. 5. 

f IsimismtmLflsm nf TAA 

1 

1 1 

1 

1 

1 

1 


25000 

20800 

17800 

15600 

18900 j 

ISSoo 

Mfaiutes soaking 

45 

45 

45 

45 

45 1 

45 

I^iooks per minute 

45 

45 

45 

45 

45 i 

45 

Heat : M./g 

0*258 

0*375 

0*355 

0*384 

0*293 

0*391 

Osmotic change m p.o. NaCl.... 

0*112 

0*156 

1 

0*137 

0*156 

0*107 

0*137 


Date. 


1 Jan. 6. 

1 1 

Jan. 7. 

Jan. 17. 

Jan. 19. 

Jan. 21. 

Jane23. 

1 MeM. 

1 

i 

Concentration of LAA ... 

1 

1 

1 

1 

1 . j 

1 



12500 

15600 

14000 

14000 

16000 

15600 


Minutes soaking 

45 

45 

45 

45 

45 

45 


fthoolts per minute 

180 

180 

45 

45 

45 

45 


Heat : ^./g 

0-461 

0*380 

0*852 

0*825 

0*884 

0*816 

0-869 

Osmotio ona^e ss p.c. KaOL... 

■ 

0*159 

0'156 

0 077 

t 

0*078 

.. t : 

0*137 

; 

0*166 

0-14'7 


♦ Omit; too long ioaking at conoentvatioii. 

t V tkm ipi^ li%k aii4 two low yahiit of the oemotlo oiialiga Im otiiittod tho^m iraloe U 
practioally ononatigocl. 
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T«Ue II.— Heat and Osmotic Change in Normal Frogs' Muscles {R, eto.) 
Stimulated to Exhaustion in Nitrogen. 


D»te. 


i 

Jan. 13.i 

1 

Jmi. IS.Ijan. 14.jjftn. IS.^Jan. 16 .^Jmi. 18. 

t j : ! ■ 

Jan. 20. 

Jan. 22. 

Mean. 

SliookB per minute.... 

94 

1 

1 90 

45 

45 

45 

1 

45 

1 

1 ^ 

45 

_ 

Kent : oal. /g 

Osmotic onange s 

0*906 

0-712 

0*623 

0*984 

0*754 

0*871 

! 0*772 

0*554 

0-766 

p.o. NaCJ 

0*243 

0*194 

0*246 

0*296 

i 

1 0-269 

1 

0*276 

0*268 

1 

0*210 

0-260 

Reckoned per cal./g< the mean osmotic change is 0*826 per cent. NaCl. The mean value 
uf the same quantity in the experiments of Hill and Kupalov (1930) is 0*335. 


rather delicate measurements had to be made, so that (taking account 
of the variability of the material) too great a consistency need not be 
looked for. The quantities given in the tables are (A) the total heat in stimu- 
lation to exhaustion in nitrogen, reckoned in calories per gramme, and (B) 
the osmotic pressure change expressed in terms of the percentage of Nad 
which would need to be added to Ringer’s fluid to produce the same effect. 
It is seen that in the lAA-muscles- 

(A) the total heat to exhaustion is 0-367 cal./g. ; 

(B) the osmotic change is equivalent to 0*147 per cent, of Nad added to 
Ringer’s fluid. 

We wiU consider (B) first. In four experiments Meyerhof (1930) found, in 
lAA-musoles, a difference of freezing point, before and after “ complete 
fatigue,” of 0-068°, 0-0438°, 0-036°, 0-046°— mean 0-0445°. This would 
ooixoqtond to-an added 0 -076 per cent. NaCl only. It is impossible to recon- 
cile this with the present experiments, for not one of our readings, out of 21, 
is BO low. Possibly there was some consistent error in the freezing point measure- 
ments; possibly the muscles were not stimulated to so complete exhati8|^n 
as those in the present experiments (there was still on the average 7 mg. P/160 g. 
of phosphagen left), possibly ^ntaneous breakdown had begun before 
the beginning of stimulation — ^the average initial ^osphagen content in 
Meyerhof’s four muscles was only 68 mg. P/100 g. This spontaneous break- 
down is liable to occur whenever muscles are exposed to lAA at too high a 
oonoentration, or fm too l<mg a time. In Table 1 the experiments of 
December 16, 16 and 18 are omitted from the mean for this reason. In the 
othor «iq>eiiments there is no reason to suppose that the spontaneons 
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breakdown bad begun. Let ns see how far our observed osmotic change can 
be eiqtlained. 

So far as present knowledge goes, the chemical processes accompanying 
contraction in a frog’s muscle ikdequately poisoned with iodoacetic acid 
are (Lundsgaard, 1930, b) : — 

(a) The breakdown of creatine-phosphoric acid to creatine and phosphate ; 

(b) The breakdown of adenyl-pjrrophosphoric acid to inosinic acid and two 

molecules of orthophosphate, together with the formation of one 
molecule of ammonia ; 

(c) The esterification of the newly formed phosphate with hexose (probably 

derived from glycogen), some 30 per cent, of the P being combined as 
the mono- and 70 per cent, as the di-phosphoric ester. 

If X millimoles per 100 g. of muscle be the concentration of phosphagen in 
the resting poisoned muscle, and y millimoles per 100 g. the concentration 
of adenyl-pyrophosphoric acid, and if we suppose the whole of these to be 
broken down in stimulating to exhaustion, the final concentrations will be, 
in millimoles per 100 g. : — 

Creatine x : hexose monophosphoric ester 0 ■ 3(a; -f- 2y ) : hexose diphosphoric 
ester 0’35(x-f2y) : ammonia y : inosinic acid y ; total (l’66x-}-S‘3y). 

The increase therefore is (1 -Gfix -f 3-3i/) — (® -f- y), t.e., (0'66x -f- 2‘3y). 

Now the average concentration of phosphagen in a resting muscle poisoned 
with iodoacetic acid, according to 33 determinations given in Lundsgaard’s 
paper (1930, h), is equivalent to 61 mg. P, or 1'97 millimoles, per 100 g. of 
muscle. The average deviation from the mean is only 7 per cent. The average 
concentration of pyrophosphate in a poisoned muscle, according to six observa- 
tions of Lundsgaard (1930, 6) and two of Meyerhof (1930), is equivalent to 
20J mg. P, or 0‘33 millimole, per 100 g. Putting x = 1*97 and y*=0-83 
in the above formula, the maximal increase of concentration (assuming the 
whole of each substance to be broken down) is 2*04 millimoles per 100 g.* 

Let us assume the “ free ” water of muscle to be 0*77 g. per gramme of 
muscle (Hill, 1930), and t|iese new molecules to be dissolved in this water. 
Let us further assume that they cause a normal d^resnon of vapour pressure, 
viz., that 1 millimole per 100 g. HjO produces a relative depression (po — 

* We have neg^eoted the iooio changes associated with the production of new mclscwlM. 
The formation of anions, or the disappearance of cations, causes unionisation Of protoin or 
other bnfier substances ; the formation of cations, or the disaf^mraiuie of anioos, resUlts 
in thsir ionisatitm ; the total K* and Na* free in solution remains nnalterad, Bse Hill and 
Kupalov (IWO, p. 478), 
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oi O'OOOISO. The relstiTe depnanon, therefore, due to 2 '04 mihimolee per 
100 g. of mueole will be 2-04 x 0'000180/0'77 = 0*000477, Now in the 
region of 0*7 per cent. NaCl the relative depression for 1 millimole NstCl per 
100 g. H,0 is 0-000330, so that the calculated depression due to the new 
molecules in muscle is equivalent to that of 0 -000477 /O' 000330 = 1*44 
millimole = 0-085 g. of NaCl in 100 g. HgO. The average observed depression 
is equivalent to that of 0-147 g. of NaCl in 100 g. H,0. The calculated change 
ther^ore is rather more than half that actually observed. 

It is not easy to see, if we assume that phosphagen andadenyl-pyrophosphoric 
acid actually pre-exist in muscle as separate molecules, and without intro- 
ducing other chemical reactions into the picture, how the calculated amount 
can be increased, for — 

(1) we have assumed the whole of the phosphagen and the whole of the 
pyrophosphate to be broken down ; 

(2) we have assumed none of the pre-existing inorganic phosphate to be 
removed by esteriheation ; 

(3) we have taken the full normal value for the molal depression of vapour 
pressure of the substances formed, and have imagined them dissdived 
in rather less than the total water ; 

(4) the change of vapour pressure was measured 10 minutes at least after 
the end of stimulation, so allowing plenty of time for the esterification 
to occur; 

(5) we have assumed the whole of the hexose to be derived from glycogen 
and so to constitute new, and not pre-existing, molecules : according to 
information received from Dr. Lundsgaard the amoimt of glycogen 
broken down is not more than the amount of hexose esterified. 

Bven if we assumed no esterification, or (what is the same thing for the 
calculation of the numbw of molecules produced) that only tiie hexose m<mo- 
phosphotio otter was formed, the increase calculated would be (x 3y} = 2 -96 
millimoles per 100 gramme of muscle, instead of 2-04, which would still |pve 
only 84 pw cent, of the observed depression of vapour pressure. 

One possibility, however, remains, viz., that the phosphagen and tire adenyl- 
pyrophosphorio amd do not occur in the molecular form in resting fousole, 
but are h«M as part of a larger complex, so not affecting the osmotic pressure. 
In that esse the oaloulated increase of oonoenlaation due to exhaustion would 
be (l'68»-f 3-8y) which, with x = 1-97 and y = 0-SS, is 4-24 millimoles 
per 100 g, muscle, instead of 2*04. The equivalent increase of Nad oon- 
oentxatlmi wouM be 0 * 176 per cent., actually somewhat larger than the observed 
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Muoimt. There is no difficulty, therefore, m e:q>IaiiiiBg the observed inereMO 
of osmotic pressure if we assume phosphagen and pyrophoq>hate in the resting 
muscle to be held in some combination and so not to affect the initial osmotks 
{wessure. There is some evidence, indeed, for this (Eggleton, 1930) in the 
fact that neither diffuses out of the resting muscle, although phosphate, creatine 
and ammonia do, and creatine-phosphoric acid diffuses through a parchment 
membrane. Otherwise we cannot explain the observed depression of vapour 
pressure in exhaustion, without assuming some rather extensive chemical 
reaction hitherto unknown. 

With regard to the total heat, Meyerhof, Lundsgaard and Blaschko (1930) 
in a preliminary note state that they found, in seven experiments on lAA- 
muscles, an average of 146 cal. per 1 g. of H 3 PO 4 broken off from phosphagen. 
In thtir paper to be published shortly (private communication) the four most 
significant experiments gave 148, 169 *5, 175 and 144, mean 157 cal. per 1 g. 
HgP 04 . Thisis just 500 cal. per 1 g. of phosphagen P set free. In our experi- 
ments, with this value, 0-367 cal. per 1 g. muscle would require 0*73 mg. of 
phosphagen P per 1 g. of muscle to be liberated. This is not an impossible 
amount, but rather high, though it agrees with Lundsgaard’s estimate.* 
Assuming, as above, a value of 0-61 mg., the heat per 1 g. of 
phosphagen P would be 600 instead of 600 cal. This is scarcely outside 
the range of Meyerhofs results. In view of the difference in material 
(30 to 50 g. of muscle poisoned by injection in the one case, 150 mg. poisoned 
by soaking in the other, the former fresh, the latter after soaking for some 
hours in Ringer’s fluid) and of the difference in technique (oalorimetarical as 
oompwed with myothermio), the agreement is very satisfactory. We may 
assume a value of 500 cal. per 1 g. of phosphagen P set free. 

Aoocurding to Meyerhof and Lohmann (1928) the heat of hydrolysis of creatine- 
phosphoric acid in neutral solution is 10,000 to 11,000 cal. per gramme molecule, 
say, 340 cal. per 1 g. P. The value observed in the intact but poisoned musole 
being 600 cal, there is clearly 160 cal. nuasing. As a matter of fact, 500 cal. 
per 1 g. P is exactly the value found by Meyerhof and Buranyi (1927) for 
ensymatic hydrolysis in neutral solution, Meyerhof, Lundsgaard smd 
Haschko, however, appear to regard the value for acid hydrolysis as more 

* Dr. B. Limdsgaard, whom we have oonsulted, believeo that an initfal ]^Mplia(geD 
ooDtent equivalent to 76 mg, P/100 g. is not impossible lor the suiseiM majfkoftA' 
Sartmrli, he states, regularly have rather more phosphagen than gaetrooaeoiih 
would raise the oalonlated value of the osmotic {oessure change from 0-08M) to O-Olw 
per cent. NaCB. This is still well below tiie observed indue (0.147 per eenh!) i» soma 
otiwr.faetor'^is still required. ' 
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acenxatfl. The ertenlioatkHa of glyoogea with phosphate might yidd a sooayi 
contribation (Meyechtd and Suranyi, 1927) ; so might the sjditting of adenyl- 
pyr(q[>hoBphorio acid ; the thermal efieots of slight changes of pa aro 
presumably involved ; possibly, as suggested above on the evidoioe of the 
osmotic changes, either (a) some other reaction, hitherto unknown and 
involving appreciable energy, occurs during activity, or (6) the creatine- 
phosphoric acid and the adenyl-pyrophosphoric acid do not exist as such 
in resting muscle, but each as part of a more complex molecule containing 
more energy. Lastly, a slight formation of lactic acid (or methyl glyoxal) 
may have occurred, in spite of the poisoning which was certainly very 
effective. Even 0*026 per cent, of lactic acid formed would raise the heat 
by as much as 0-075 cal. per 1 g. It is not possible at present to decide 
between these various alternatives. 

One point remains to be considered, the caloric quotient of lactic acid. In 
a normal muscle stimulated to extreme fatigue in nitrogen (autumn frog) 
about 1 cal. per gramme of heat is set free and about 0-3 per cent, of lactic 
acid liberated. The heat, per 1 g. of lactic acid, is about 350 cal. (see Hill 
and Kupalov, 1930, p. 460, quoted from Meyerhof), so that 1 cal. =2-86 mg. 
of lactic acid. If now we may assume that, in stimulation to extreme fatigue, 
the same energy-producing reactions occur in the normal as in the lAA-musde 
(in addition to lactic acid formation in the former), we must subtract from 1 cal. 
the amount of heat found above, viz., 0-367 cal., leaving 0-633 cal. as the 
heat associated with the formation of the 2 - 85 mg. of lactic acid. 

The heat of transformation of glycogen to lactic acid, according to Meyerhof 
and Suranyi (1927), is 176 cal. per gramme, so that 2-85 mg. corresponds to 
0-602 cal. To this must be added the heat of neutralisation of the acid. If 
no phosphageil change occurred we could assume (see Stella, 1929) a value for 
the latter of 9400 cal. per gramme molecule or 104 cal. per gramme. In the 
breakdown, however, of 1 g. mol. of phosphagen at pa 7*2 (resting 
musde) to 1 g. mol. each of creatine and pho^>hate at pa 6*5 (fat^qed 
muscle), according to the curves of Meyerhof and Lohmann (1928, p. €6), 
there is a freeing of about 0-66 equivalent of alkali; phosphagen split 
to the extent of 0*6 n>g. P per 1 g. muscle, between these pa limits, would 
yield ther^ore 0‘Q126 milli-equivalmitB of alkali, which would neutralise 1 * 18 
n^. of ketio add. The heat of this neutralisation would be small. The 
i^maining I ’72 mg of lactic acid would yield b^ its neutralisaticm 0*179 oal, 
so that tile oadouh^ed total heat in the formation and neutralisation of lactic 
acid would be 0*179 0*502 » 0*^1 oal. per 1 g. masole, whieh is not fa* 
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from the value, 0*633 cal., deduced above. We may conclude, therefore, that 
if the energy 'liberating reactions occurring in the lAA-muscle occur also in the 
normal one, they, together with lactic acid formation and neutralisation, are 
adequate to account for the total energy set free in stimulation of the normal 
muscle anaerobically to complete fatigue. 

Summary. 

(1) In frogs’ sartorii (Dutch R. esc., December and January) poisoned by 
soaking with mono-iodo-acetic acid, in which presumably (Lundsgaard) no 
lactic acid was formed, stimulation to complete exhaustion in the absence of 
oxygen yielded, on the average, 0*367 calorie per 1 gramme of muscle, and 
led to an increase of osmotic pressure equivalent to the addition of 0*147 per 
cent, of NaCl to Ringer’s fluid. 

(2) This change of osmotic pressure cannot be explained without assuming, 
either (a) that some chemical reaction, hitherto unrecognised, occurs in stimu- 
lated poisoned muscles, or (6) that phosphagen and adenyl-pyrophosphoric 
acid exist, not as simple molecules in the resting muscle, but boxmd in some 
more complex form from which they are broken off during activity. 

(3) The total heat is in good agreement with recent observations by Meyerhof, 
Lundsgaard and Blaschko. In the poisoned muscle about 600 calories are 
liberated per 1 g. of phosphagen phosphorus set free. The source of this heat 
is discussed. 

(4) In the sartorius of the normal autumn frog about 1 calorie per 1 g. of 
muscle is set free during stimulation, in the absence of oxygen, to exhaustion. 
If the energy liberating reactions of the poisoned muscle occur also in the 
normal one, they, together with lactic acid formation and neutralisation, are 
sufficient to account for the whole of the beat produced. 
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A Spectrographic Analysis of Animal Tissues. 

By H. Munbo Fox and Hugh Bamage, from the Zoological Department, 
Birmingham University, and Bidgemont, Carrow Hill, Norwich. 

(Communicated by J. S. Qardiner, F.K.S. — Received December 12, 1930.) 

[Plate 8.] 

1. Introdwtiou. 

It is recognised that, in addition to those chemical elements which are 
known to be necessary and essential constituents of protoplasm, others have a 
wide distribution in living matter. Such are iron, copper, zinc, aluminium and 
manganese. Besides these, a numl>er of additional elements have been recorded 
as occurring spasmodically in animal and plant tissues. Hitherto the spectro- 
scope has rarely been used as a method of detecting uncommon elements in 
animal tissues ; yet the spectroscope supplies a valuable tool for making a 
wide survey of tissue contents with a rapidity of which chemical methods do 
not allow. The present paper is the first rejmrt on such a survey, carried out 
on a quantitative basis. The field to be covered is, of course, vast. As a 
beginning, we have restricted ourselves mainly to annelids, in which whole 
animals were analysed, and molluscs, the separate organs of which were 
dissected out and dealt with. In addition, a limited amount of other material 
has been studied, including biuuan organs, insects, and a few representatives 
of other groQps. As the work progresses it is intended to investigate the 
principal divisions of the animal kingdom. 

2. MeOiods and Material. 

The spectrographic method used has already been outlined by one of us 
(Bamage, 1929). When a whole animal, such as a worm, is to be analysed, 
the living animal is first washed thoroughly under the tap, and then in distilled 
water. The aniioal is next placed in a crucible, minced with scissors, and 
dried at 100° 0, If separate rissues are to be studied, the animal is killed 
without a fisntive, the tissues dissected out, and then treated in the same 
way as before. Needless to say, every possible precaution is taken daring the 
operations to avoid contaminatioB. Ihe dried specimen is powdered in an 
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i^te mortar and a quantity of 60 mg. of the dried tissue is then weighed and 
rolled in an ashiees filter paper. If a liquid such as blood is to be analysed, 
0* 1 c.c. is pipetted on to a rolled ashlpss filter paper. The roll is burnt com- 
pletely in an oxy-coal gas flame in front of the slit of a quarts spectrograph, 
using a quartz lens to focus the image of the flame on the slit, and the spectrum 
is photographed. 

The elements which can be detected by this method are the following : 
lUMutn, sodium, jxdassium, rubidium, caesium, .copper, silver, calcium, strontium, 
barium, matfnesium, cadmium, gallium, indium, thallium, lead, phosphorus, 
bismuth, chromium, manganese, iron, cobalt, nickel, ruthenium, rhodium, 
palladium, iridium, and in addition, calcium fluoride. We have found the 
substances in italics in all or some of the tissues analysed. It will be observed 
that there are metals known to occur in animals which are not included in the 
list. They arc ; aluminium, arsenic, boron (Berl^and and Agulhon, 1913), 
antimony (Chapman, 1930), bismuth (Fairley and Burrell, 1918), gold (Berg, 
1928), molybdenum (Mankin, 1928), tin (Misk, 1923), titanium (Baskerville, 
1899 ; Az6ma and Pied, 1930), uranium (Bishop, 1928), vanadium (Henze, 
1913 ; Phillips, 1918), and zinc. The reason why these elements cannot be 
detected by our method is that the thermal or electrical conditions of the 
flame are not sufiiciently intense either (a) to reduce the oxides in adequate 
quantities, or (6) when small quantities only are present, to excite the vibrations 
producing the lines with enough energy to photograph them, placed, as most 
of them are, in th^ further portion of the ultra-violet region of the spectrum, 
i.e., beyond wave-length 3100. 

The method was used quantitatively in the following manner. A standard 
solution was prepared, containing the various elements in known amounts. 
On each plate the spectra of four different measured volumes of this solution 
were photographed, together with the spectra of the tissues to be analysed 
(see Plate 8). The intensity of a given line in a tissue spectrum could then be 
matched with the corresponding line in one of the standard spectra and the 
amount of the element in the tissue deduced. Quantities of dements present 
in tissues are given below in percentages of tissue dry weight.* Whenever 
the statement is made that an element is absent in a given specimen, absence in 
quantity sufficient to be detected by our method is, of course, meant. 

Table I gives a list of the specimens from which speotrognuns were made. 
Generic and specific names of animals are given in the M ; for htwvily, genera 

* The dry weidit of TerOtBa tapiiaria, tekan as an ezettipih^ anst hc X 0*7 to ooavSft 
it to wst 
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only will be mentioned in the text. When, in the text, an element ia stated 
to be present in a certain organ of an animal, or in a certain ii.nitna.1 out of a 
group, it is implied that the element in question is absent hrom the remaining 
organs of the animal, or animab in the group, which are named in Table I. 

We wish to thank the following lady and gentlemen for kindly supplying 
material : Miss M. V. Lebour, Dr. P. A. Buxton, Professor H. Graham Cannon. 
Dr. A. J. Grove, Messrs. R. Hancock, A. G. Lowndes, H. G. Newth, Professor 
J. H. Orton, Dr. F. S. Russell, Mr. D. P. Wibon, and Professor Haswell Wilson. 
We desire abo to acknowledge a grant from the Government Grant Com- 
mittee of the Royal Society which defrayed the cost of some of the apparatus. 

Table 1. — list of specimens of which spectra have been made. 

Group* Animal. I Individuals. Locality. 


A . — Whole Anmale Studied. 


Poiifeta 

Ccelontoraia 

Nomertoa ... 
Chistognatha 
Qepiiyrda ... 


Annelida 


.1 CkUhrina coriacea 

.. Coemetira piloeeUa 

I Beroe ap 

. ! Carineua ap 

.j Sugitta bipunetata 

.1 T k a l a mm a nepluni 

PkaecaloMmia pellucidum 

Sipuneulue nudua, body wall 
, Smenelaie boa 


Nereie euUrifera 

Jtfepht^e sp 

(himUa fuslformie 

Audouinia tenlaoulata 

AmphUrite edwardeU 

TmibeXh lapidaria 

Lamiee oonMgela 

MeUtma pedmata 

Natomaetue kUerieiue 

Artukdia tMtifM 

Biepira tfohUioomk 

Bremehiorntna vesiouloeum 
SpifOfruphie apaBa/ustandi 
Saham womna 

Mpxkok iufundibvhm .... 


Grataoea 

Hytbpod* 

AmdStida 


SeAeUUifiu advetdato ... 
Bifiido laadicifialM ... 


CMamae fiumtmhicua . 

. Jiu ' ' ' ' 

mito HiliPf mmiU ««•••#••»•>•♦««•• 


Numerous 


Numerous 

Several 

2 

1 

Several 


I 

Several 


1 

Several 

8 

2 

6 

Several 


Numeroua 

Seviiai 


Plymouth, Kosooff. 
Plymouth. 


I Saloombe. 

I Rosooff. 

Plymouth, Millport. 
Plymouth. 

Torquay. 

Plymouth. 


I Hymouth. 


Saloombe. 

Plymottth. 


Rosooff. 

Saloombe. 

Saloombe, 

ROMM>ff. 

Rosooff, Plymouth, 
Widemouth Bay. 

Oambridga, liveipool, 
Londoii, Marl* 
boYOUfh, ShsIBeld. 
Hymoi^ 
Biitiitfigham. 


Numetous 


* silrtsss ffttw piper unitt m eartii eaiiMi ottt in the flteoss^ 



lit; 


Qroup. 


litfiaota 


0Mtiopoda . 


Bohinodermatft 


GMtR^poda . 


Table I— (continued). 


XjKBIillibfMW 


Cdpkalopoda 

VeriebratA 

OnifUoOA 


Animal. 

Xndividual*. 

* 1 





A.—*WM€ AnimdU Shtdied — (oobtlimad). 


Museadom$dkatUrrm 

Up., larviD 

Nnmeroiti 

Dyjliatuq . 

Savoral 

«, adult 

1 

bioolor 

Several 

Pidris frroifHVf 1 larvf” 

A^rotis fipcBf laiTiD 


FaiiaaNittffioce^ iMnrsi 


CKasroeampa dpenor, body wall of 
lanr«9. j 

C. porediMt body wall of lairw 

Lmacina rdrtwtrm 

♦» 

»• 

Kntnoioiis 


B* — Tiimu SiudM teparaUlff, 


ParoMiUrciuB lividus 

EcMwm MoidetUiis 

AphrodiU aevUaia 

PakMa mdmOa 

Hdidia tweroMlaia 

Aplpditi punekUa 

Ardiidoria tiUfmrciidaUi 

A§dUdia papittom 

Htlw flfpifia 

a 

1 

SoTOfal 
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Tvi'K’al Kmihsion SpKrTKA OK Animal Tihstes. 

No. 1 in the HjMM lrum the filtor uaixl thnoighout. "Pho rod ond n| i^arh s|x*ctriim is 

on thu Noh. 2, 3. 4 hiwI 15 aro I he K|X!(*tra of fourdiffeivnt quantities ol a slandaix] solutinn 

namely, c.o., 0 (15 v.v., 0* 1 c,c.. and 0-2*<r.(*. rfH|KM t ively. This standaid solution had the 
hdlowing |X'rc<mtago ('omfiosition : Na, 0-15; K, 0*2; (’a, 0*02; Mg, 0*05; lA', 0 • ().''»( > ; 
(hi, 0'()05 ; Ag, 0*0025 ; Mil, Ni, la, Hh, Sr, eacli 0*002 ; P, 0 0. Tho inlonsitios of the linos 
in the sjieetra of the animal siHH'iinens ean Ih» mat (lied with eorro8|X)nding lines on one of the 
standanl sfieetra and the quantities of the elements in (luestion thus determined. 

The prfneipal lines of the more im|K>rtant elements nre^' indieated on the plate hy white? ink 
Hixits. Thej’^ an? as follows ; On sfK?etriim No. 2, Cu ; No. 3, Ap ; No. 4, Ni ; No. 5, 1M» ; No. 
(i, Sr ; No. 8, calcium fluoride hand ; No. II, Mn : No. 12, Li ; No. 15, Kh. 

AH of tho Hjx'ctra mIiow' To and (hi, in addition to Na, K. (hi and Mg. Below* are given the 
most innKirtaot additional charaeters of each Hjxictrum. 

No. 5 (specimen 8(1) : medusa, (Umnetira pihmJla, Ph (.strong), Mn, Li, Sr. 

No. 0 (specimen 480) : sponge, Clathrina rori'tou^ Sr (str’ong), Mn. 

No. 7 (sjieicimen HI) : jHilyehHde worm, MotomnMu/i latericiHftt Mn (a trace), Li, Hb, Sr. 

No. 8 (specimen 37,3): body- wall of a nudibranch mollusc, Atrhidori.^ iRhercuhilo, t'aFy, 
Sr (very' sii'ong). 

No. 9 (specimen 400) ; polyclwU? worm, Afyxicola iufundibuhnnt Mn, Ni, (h), Ag, Li, Sr. 

No. 10 (specimen 302) : liver of scallop, Pecten maximuM, CM, Mn, Ag (strtmg), Li, Sr. 

No. 11 (specimen 3()4J : liver f)f snail. Helix mperm from MarllKirough, Mn (strong), Pb, Li, 
Sr. 

No. 12 (specimen 193) ; liver of Hdix aspersa from Plymouth, Mn (strong), Ag, Li, Rh. Con 
trast No. 11 with Pb and Sr, No. 12 w ith Ag and Rb. 

No. 13 (specimen 186) ; common genital duct of snail. Helix jHmatiaf Mn, Sr (strong). 

No, 14 (specimen 10) : common genital duet of slug, Arim ater, Mn (very strong), Li. Con- 
traat Sr and Mn in Nos. 13 and 14. 


{Fiif'ing p. KUl.) 
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copper (see Plate 8). Of these 146 specimens, 45 were prepared from whole 
animals. Twenty-four species of annelids, 1 sponge, 1 medusa, 1 ctenophore, 
1 nemertean, SagiUa, 1 mollusc, 1 copepod, 1 centipede, 3 arachmids, and 10 
insects were studied in this manner. It is, of course, possible that in these 
cases compounds of iron and copper may have been adhering to the outsides 
of tlvo animals, they may have been in the skeletal structures, or they may 
have been in the gut contents. But this objection does not hold with the 
remaining 101 specimens. These were prepared from dissected organs of the 
various animals, namely, 14 species of molluscs, 2 echinoids, and human tissues. 
It can be objected that in the case of the molluscs the copper was furnished by 
haemocyanin. This was undoubtedly so in a number of instances, but never- 
theless the unfading presence of both copper and iron in all spectra points to 
these two elements always being present in protoplasm. 

Our conception, then, of the chemical composition of protoplasm must be 
extended. Not only are the elements C, H, 0, N, P, S, Na, K, Mg, Ca and Cl 
necessary to its make-up, but iron and copper appear to be essential as well. 
The wide distribution of iron in living matter is already well known 
(Warburg, 1921, and others), and the recent work of Kcilin (1926, 
1926, 1929) on haematin and cytochrome leads one to expect an almost 
universal distribution of this element in protoplasm. But the presence 
of copper in all tissues is more surprising, although the presence of 
copper in animal tissues has previously been recorded by various investi- 
gators. Maquenne and Demoussay (1920) found copper to be universal 
in plants. Most was found in young active tissues; buds contained more 
than wood or bark. The only known part played by copper in metabolism, 
apart from its occurrence in hsamocyanin, is its connection with hemoglobin 
synthesis. Rats can be made ancemic on a milk diet. When subsequently 
iron is supplied in their food, the animals cannot utilise this element to build 
up heemoglobin unless copper is also present (Waddell, Steenbock, Elvehjem 
and Hart, 1928). Elvehjem (1931) has also shown that copper aids the 
synthesis of cytochrome a. 

It will be shown below that there are other metals which have a wide dis- 
tribution in protoplasm, without their apparently being present in all tissues. 

Copper is present in sea-water. Rose and Bodansky (1920) found 0*14 mg, 
per kilogram in inshore water at Galveston, 


von. cvni.— B. 
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4. Manganese. 

The wide dietributioa of maoganese in anunnle and plants is already well 
known. Bertrand and Rosenblatt* (1921) showed its apparently universal 
presence in plants. In animals, Bertrand and Medigreceann (1913) anal3rBed 
the amounts of manganese in certain invertebrates and in organs of verte- 
brates, Reiman and Minot (1920) in human tissues, Phillips (1917) in certain 
marine invertebrates, and Wang-tai-si (1928) in marine molluscs. Manganese 
has been detected in sea-water (Clarke, 1924). 

Our spectrograms show a very wide distribution of manganese (see Plate 8). 
It occurred in all of the 19 species of polychsetes. It was present in all the 
organs of the land gastropods, being absent only in shells (see Table II). The 
table shows a considerable constancy in manganese content of the organs of 
H. aspersa from different localities. It shows also that there are the same 
relative concentrations in the different organs of H. aspersa and of H. pomaiia. 
The high concentration in the common genital duct of Arion (Plate 8, No. 14) 
however, is remarkable. 

Table 11. — Distribution of Manganese in Land Gastropods. 

7, more than 0’008 per cent. ; 6, 0-008 per cent. ; 6, 0’004 per cent. ; 4, 0*002 
per cent. ; 3, 0*0008 per cent. ; 2, less than 0*0008 per cent. ; 1, a trace *, 
0, no trace. 

Each entry refers to a separate specimen. 
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Table 111. — ^Diatribation of Manganese in Lamellibranohs. 


The numbers have the same significance as in Table II. In addition, ** 8 
denotes an unusually high concentration of Mn. 
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Among the marine gastropods, nuinganese was found in all the organs of 
JEolidia and Arebidoris, but there was a noticeable absence of the element from 
all organs of Haliotis. 

In the lamellibranchs, Anodonta proved to be very rich in manganese. 
Table III shows this, and also the fact that the concentration varied with 
locality, particularly in foot and Uvct. The table shows too that the marine 
forms were poorer in manganese than the fresh-water forms. 

Bradley (1907, 1910) analysed the manganese content of Anodonta and 
Vnio from various parts of the United States. He maintains that the man- 
ganese content of tissues varies conmderably with locality and increases with 
aise of individual. As he did not identify his species one cannot be sore that 
his material was uniform. Bradley found, however, that the fresh-water 
mussels fed on a msmganese-containmg plant, Crenothrix. In lakes where this 
organism is absent there are no mussels. Boycott (1917, 1921) analysed the 
numguiese content of 79 species of English land and fresh-water molluscs. 
Considerable variation in manganese content with locality was found. 

There is evidence tiiat manganese plays a functional rfile in certain plants 
*Qd animals, and that in others, without its necessarily having a function, it 
manifests eieotB. The evidence is as follows : — 

(1) Bertrand (1897) showed that lacoase, the enzyme responsible for the 
oxidation of latex to lacquer, contains manganese, and that the oxidising power 
of lacoase is proportional to its manganese content. 

m2 
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(2) There is most manganese in those parts of plants with a most active 
. metabolism (Bertrand and Bosenblatt, 1921, 1922). 

(3) Manganese appears to be essential for the development of chlorophyll 
(McHargue, 1919, 1924, 1926, a ; Bishop, 1928). 

(4) Manganese is concerned in the sporulation of AapergiUut niger (Bertrand, 
1912). 

(5) The growth of rodents is stimulated by manganese (McHargue, 1926, b ; 
McCarrison, 1927 ; Bertrand and Nakamura, 1928). 

(6) Titus and Hughes (1929) maintain that manganese, like copper, is 
necessary for the synthesis of heemoglobin by ansemic rats when subsequently 
they receive iron. Waddell and co-workers (1929) say that copper alone, not 
manganese, is effective. 

(7) Harrison and Garrett (1926) and Harrison (1928) induced melanism in 
Lepidoptera by feeding larvae with manganese salts. If manganese were 
generally involved in the production of melanin one might expect to find high 
proportions of this element in melanic tissues. We found, however, no 
manganese in the ink sac (wall plus contents) of Sepia, although manganese 
was present in liver and pancreas. In the black body-wall of Arion it is 
tme that the manganese content was high, but it was higher still in the colour- 
less genital duct (see Table 11). 

Finally, it may be observed that the fact of the manganese content of an 
organ being variable within considerable limits, as for instance that of the 
liver of AnodotUa (see Table 111), does not preclude a function. A superfluous 
excess of the element may accumulate when it is available. 

5. Nickel and Cobalt. 

The existence of both nickel and cobalt in animals is known through the 
work of Bertrand and Mficheboenf (1925). They demonstrated nickel and 
cobalt in organs of man, other mammals, birds and fishes, and in the silk-worm, 
a crustacean, molluscs, and a tunicate. In the invertebrates, separate organs 
were not studied. Plants also contain nickel and cobalt (Bertrand and 
Mokragnatz, 1922). 

We have found that nickel and cobalt show a spasmodic distribution. The 
lines of nickel are more frequently present than those of cobalt. 

Nickel occurred in 5 out of the 19 species of polyohntes and in 7 out of 15 
molluscs. The polychsstes containing nickel were the following : (1) Aphro~ 
dite, 0-002 per cent, in the body wall of one from Millport, none in anothw 
individual from Pl 3 rmouth ; (2) Avdouima, 0-0014 per cent, in one, a trace in 
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two other individualB ; (3) Arenicoia, O'OOOS per cent, in one, a trace in another 
specimen ; (4) Spirographis, 0-0008 per cent, in two individuals, none in a 
third ; (5) Myxicda, 0-008 to 0-01 per cent, in each of five 8|)ecimens (Plate 
8, No, 9). It is clear that certain forms, such as Myxicola^ have a predilection 
for nickel whatever locality they come from (see Table I for localities), but that 
in other species some individuals may be with, others without, this element, 
even when they are of the same provenance. 

Among the molluscs, nickel was present only in the following : Haliotis 
(0-004 per cent, in the foot), Aplysia (0-004 per cent, in the liver and a trace 
in the crop), and Pinna (0*004 per cent, in the kidney and a trace in the liver). 
The liver of one specimen of Molidia contained 0-0008 per cent, while there was 
none in the livers of three others, all from Millport. Pecten showed traces in 
the livers of five individuals from Millport and of one from the Bddystone, 
while it was absent from the same organ of two from the Mewstone. Anodonta 
from Newdigatc had traces in liver and kidney while specimens from Liverpool 
and Sheffield were devoid of nickel. It appears that in molluscs nickel is 
most often found in the liver, but that it may be either present or absent (in 
detectable quantities) in different members of one and the same species. 

We have not found cobalt nearly so often as nickel. All our cases are in 
marine animals. Table IV lists all recorded cases of cobalt and all specimens 
containing over 0-002 per cent, of nickel. 

Table IV. — Occurrence of Cobalt and of High Percentages of Nickel. 
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• Plate S, No. 0. 


Tlie table shows that all high percentages of nickel were accompanied by 
cobalt, except in the case of Haliatts. ArohidoriSf on the other hand, has cobalt 
with no nickeL Here there is selective absorption of the former element. 
Neither nickel nor cobalt seem to have been recorded from sea-water. 
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With sach an irregular incidenoe of nickel and cobalt, it is difficult to imagine 
that they have a function in the organism, but Bertrand and Nakamura (1927) 
raised 14 mice on a diet lacking nickel apd cobalt, and 16 on a diet containing 
these elements, and found that the animals which had received the metals had 
an average length of life 17 per cent, greater than those without them. Again, 
Bertrand and Machebceuf (1926), finding that the pancreas of mammals 
contains both nickel and cobalt (Ni, 0* 00000041 per cent., and Co, 0*00000069 
per cent, dry weight), went on to show that nickel and cobalt added together 
to insulin prolong the destruction of sugar by this insulin in animals with 
diabetes. Cobalt (like zinc and mercury) in the right dose stimulates the growth 
of Aspergillus (Burkewitsch and Orlow, 1922). 

6. Ijead. 

This is another element with an irregular and spasmodic distribution. It 
is well known that in cases of lead poisoning the element can be stored up in 
certain tissues. We have found lead in the three human subjects studied. 
The remarkable fact emerged that the lead was present in different organs in 
each man. One had lead in heart muscle, spleen, testis, and cartilage, but 
none in pancreas or bone. A second showed lead in pancreas and bone but 
none in the organs in which it was found in the first subject. A third had lead 
only in the liver and brain. 

Earthworms and snails demonstrated that lead is present to varying 
extents in animals from different localities. Below is given the occurrence of 
lead in the posterior thirds of individuals of JMnihricus from various localities. 


The symbols have the following meanings : 
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tr., a trace ; 0, absent. 
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Lead was found in the kidney of Pinna and kidneys and livers of Pectenf 
but was absent from the remaining molluscs. It was present in Aphrodite 
(body wall) and Spirographis, but absent in the 17 other polychsBtes. Plate 8, 
No. 6, shows lead in the medusa Cosmeiira. 

Apparently, then, this element is taken up when it is available and when 
tissues have an affinity for it. But it is puzzling why in different individual 
men different tissues should absorb the lead. One cannot suppose that with 
such an irregular distribution lead has a function in animals, but it may have 
effects as yet unknown. 

Ijoad occurs in sea- water to the extent of 0*00004 per cent, and has pre- 
viously been recorded in Crustacea and molluscs (Chapman and Linden, 1926 ; 
no separate organs studied). 


7. Silver, 

Silver has previously been recorded from a coral (Forchhammer, 1866), from 
ascidians (Az^raa and Pied, 1930) and from mushrooms (Ramage, 1990). 
We find that, like lead, silver has a wide, if spasmodic, distribution in animal 
tissues. 

Of the three human subjects studied, one had silver in all organs and tissues, 
while this element was completely lacking in the other two. 

Among the polychsstcs silver was present in Owenia, Melinna^ Myxicola 
(all five specimens, cf. Plate 8, No. 9), and SabeUarm (1 out of 8 specimens). 
It was not found in the remaining 15 species. There was no silver in any of 
the Lumbrious. 

Silver was present in the blowl of Maia and Caremns, 

In Helix aspersa silver was present in 11 out of the 13 livers (cf, Plate 8, 
No. 12). The greatest concentration was 0*(X)1 per cent. Silver was in 
the foot of three out of 5 specimens of this species, and in 2 shells out of 10. 
The only silver found in B, ponmtia was in one shell out of three. Arion con- 
tained none, nor did Anodonta, 

Among the marine molluscs silver was absent only from Patella and Molidia, 
Haliatis had silver in the liver, and Archidoris in the body wall of 1 out of 4 
examples, and in the stomach of 1 out of 2. The secretion of Aplysia oon- 
tidning aplysiopurpurin had silver in it (Mn, Cu, Li and Sr were also present). 
The liver of Osfreo showed silver, and Pecten (Plate 8, No. 10) contained the 
element in 8 liver specimens (greatest concentration 0*005 per cent.), and 
in one kidney out of three. The strongest lines of silver were given by the 
liver and Ic^nay oi Pinna. Mantle, ovary and byssus of this animal ^so 
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contained silver. In Sepia it was present in liver, vas deferens and shell, 
and in Ldligo in the liver. 

Sea- water contains 0* 00001 per cent, of silver (Liversidge, 1896). 

8. Cadmium. 

There seems to be no record of cadmium in any living organism, although 
zinc is known to be widely distributed. We have found cadmium in the livers 
of all specimens of Peclen (Plate 8, No. 10). The quantity varied from O’ 05 
to 0 • 20 per cent. Cadmium is not known in sea-water. 

9. Lithium. 

Lithium has been recorded from milk and human tissues (Kirchhoii and 
Bunsen, 1861 ; Hermann, 1905), from teeth and bones of the pig and man 
(Desgrez and Meunier, 1927), and from the hen’s egg (Bishop, 1928). We have 
found that this element is very widely distributed in animal tissues (see 
Plate 8). 

Lithium was present in all the marine animals examined ; ClaUuina, for 
example, contained 0*005 per cent. The highest concentration found in the 
polychwtes was 0*0008 per cent, in Mdinna, N<Aomastu$, Areniooia, and the 
scales of Aphrodite. In Peoten 0*0002 per cent, was present in the mantle and 
gills and 0*00008 per cent, in liver. Lithium was found in 17 out of 19 plank- 
ton catches, usually in considerable concentration, which reached 0*002 per 
cent, in one specimen (153). The element has been detected in sea-water 
(Thorpe and Morton, 1871 ; Dieulafait, 1879). 

The fresh-water mussel AnodorUa forms a striking contrast to the marine 
molluscs. Lithium was absent from all organs of the four individuals from 
Liverpool and Sheffield. It was present only in the mantle, gills and kidney 
of animals from Newdigate. Here presumably is a variation in lithium content 
with the supply. 

Among the land molluscs, lithium was present in all the organs of Arion, 
and of Helix aspersa, and in all the organs of H. pomatia except the kidneys. 
There was lithium in all Lumbrious examined. 

Lithium was found in skeletal muscle, heart muscle, bone and cartilage, 
but not in the other tissues, of one human subject, while it was present in the 
bone only of another. It was present in a human tooth. 

Lithium, then, is a very widespread but, in f^e concentrations detectable 
by us, not a universal constituent of protoplasm. It varies in amount in a 
givm tissue in different individuals. 
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10. Rubidium. 

Rubidium was found to be present in all tbe organs of the three human 
subjects. The greatest concentration, 0*006 per cent., existed in the 
testis of one subject. This evidence, taken alone, suggests that rubi- 
dium may be a constant constituent of protoplasm, like iron and copper. 
Apparently, however, such is not the case, for in the invertebrates the lines of 
this element appear only in relatively few spectra. 

Among the polychsote worms, only two species out of the total 19 were 
found to contain rubidium. These were Notomastus (0*0014 per cent., Plate 
8, No. 7) and Myxicola (a trace in 1 out of 6 individuals). 

Among the molluscs rubidium was present in the following instances : 
Arion (body wall, liver and gonad, each with 0*002 per cent.), Arohidoris 
(female mucus gland, 0*002 per cent, in one individual, a trace in another, 
absent in two), JEoUdia (mucus gland, 0*002 per cent.), jSepta and Loligo (a 
trace in the testis of each). 

The quantity of rubidium in tissues can vary with locality. Helix aspersa 
demonstrates this as foUows : — 

Cambridge and Jjondon .... None in any organs. 

Liverpool Two specimens with 0*0008 per cent. 

in the kidneys. 

Marlborough Traces in foot, kidney and dart sac. 

Plymouth 0*002 per cent, in the liver of one 

(Plate 8, No. 12), traces in the 
livers of two, and traces in foot, 
kidneys, com. gen. duct, albumen 
gland, and dart sac. 

A siwiiUr variability is shown by lAimbrious. In specimens from Liverpool 
and Marlborough, rubidium is present, while it is absent in those from Cam- 
bridge, London and ShefiBleld. 

It is noticeable that rubidium is absent in both H. pomatia and Lmrdmeus 
from Cambridge and London and present in both of these animals from Liver- 
pool and Marlborough. This looks as if tbe element were absorbed by 
protoplasm of quite different animals in proportion to its availability. 

Rtdbidium has previously been recorded from plant ash (Qrandeau, 186S ; 
Robinson, 1918 ; Bamage, 1930) and from human organs, human milk ami 
oow’f sulk (Bamage, 1929). It is present in sea-water to the extent of 0*04 
per cent, of dry salts (Clarke, 1924). 
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Our method allows of the detection of ooMuum, the seaaitivity of the test 
being equal to that for rubidium. Yet ctBsium was not found in any of our 
specimens. It is known that oaasium is present in sea-water and in oyster 
shells (Sonstadt, 1870) and it has been detected in plant ash (Robinson, 1918). 
Frog muscle absorbs both rubidium and oseinum from perfusion fluid (Mitchell, 
Wilson and Stanton, 1921). 

11. Strontium. 

Strontium has up to now been recorded only from a radiolarian, Podeeandwa 
(Biitschli, 1908), from “ the calcareous parts of marine organisms ” (Dieula* 
fait, 1877), and from mammalian blood, teeth and bones (Desgrez and Meunier, 
1927). We find that this element is very common in animal tissues (see 
Plate 8). 

The lines of strontium appeared in 17 out of the 19 species of polychsete 
worms. Those showing no strontium were Nephthys and Notoma^ws. The 
highest concentration, 0-002 per cent., was in ProUda. 

Ten species of marine molluscs oontamed strontium. It was present in 
61 out of the 67 different organs and tissues examined from these animals. 
The highest concentrations were as follows : more than 0-008 per cent, in 
lAmacvm, the foot of Aplysia, the body wall of Archidori$ (4 examples), and 
the. ink sac and shell of Sepia ; 0-008 per cent, in the egg-shell of Sepia ; 
0-006 per cent, in the foot of Haliotis ; 0-004 per cent, in the blood of Aplyeia, 
and in the secretion containing aplysiopurpurin ; 0-002 per cent, in the eggs 
of Aplysia. 

In the fresh-water mussel Anodonta from Newdigate strontium was present 
in all organs except the foot, but in examples from Liverpool it was found in 
the shell only. There is thus a variatiou in strontium content in different 
localities. 

Strontium is veiy widespread in snails. It was present in all organs ol 
Hdix pomatia. The same was the case of H. aapersa from Marlborough. 
The element was absent only from one or two organs of members of this species 
from the other localities. The amount of strontium in the common gemtal 
ducts of Hdix was curious. In H. pomatia the concentration here was very 
high, being over 0-008 per cent., while in H. aspersa there was less tdjan 0-0008 
per cent. (of. Plate 8, Nos. 13, 14). 

Strontium was present in high concentration in Chthrina, Beroe and Sagitta 
and was found in gonads, gut, and body fluid of the echinoids, and in the blood 
of Maia and Oardnus. It was absent from insects, spiders and the oentipedei 
The only strontium found in man was a trace in a tooth. 
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BtroQtiam (Dieolafsit, 1877) and barium (Harvey, 1928) occur in sea- 
water. No barium was found in any of our specimens, but our method of 
analjrsis is less sensitive for barium than for strontium in the ratio of 1/26 for 
the green line, which is usually masked by calcium, and not less than 1/125 
for other barium lines as compared with the blue strontium line. Further, 
as far as concerns the marine animals, the quantity of barium in sea-water is 
probably much less than the quantity of strontium. 

12. Flmrine. 

Fluorine was recorded by Nicklte (1866) in the bones and blood of man, in 
the blood of mammals and birds, and also in bile, saliva, urine, hair, and 
egg-albumen. Carles (1907) found fluorides to the extent of 0-00002 per cent, 
in the shells of Hdvs, Linmcea and Planobis, 0 • 00003 per cent, in those of fresh- 
water mussels, 0*012 per cent, in those of oysters and marine mussels, and 
0*0012 per cent, in sea-water. Gautier and Clausmann (1914) give 0*00003 
as the percentage of fluorine in sea-water. 

The only animal in which we detected fluorine was Archidoris. The band 
of calcium fluoride was strong in the body wall of all four examples examined 
(Plate 8, No. 8). 

13. Suimmry. 

(1) The present paper is the first report on a quantitative spectrographio 
analysis of animal tissues. It deals largely, but not exclusively, with 
annelids and molluscs. 

(2) Iron and copper were present in all tissues analysed. 

(3) Manganese was widely distributed. The manganese content of tissues 
varies with locality. Its function is discussed. 

(4) Nickel and cobalt occurred spasmodically, the former being more frequent. 
Except in one case, all high concentrations of nickel were accompanied by 
cobalt. In one tissue only did cobalt occur without detectable nickel. 

(6) Lead and silver both exhibit an irregular distribution. Certain tissues 
haim a disposition to accumulate one or other of these elements. One man 
had silver in all organs, two others had none. I^ead accumulates in different 
tissues of different individual men. 

(6) Cadnuum occurred in the livers of Pecten mmmm itqm several different 
situations. 

(7) IMdvm is very widespread in animal tissues, rubidium is much less so, 
while osBSiuin was not found. 

(8) Strontium was found in numerous oases. Barium was not detected. 
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(9) Caldom fluoride was found in one case only, namely, the body wall of 
ArcMdom ttibmulata. 
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The Adsorption of Substances by FuUer's Earth. 

By Habold John Phbi:.ps, B.A., B.Se., Ramsay Memorial Researoh Fellow, 
The Department oi Biochemistry, Oxford. 

(Communicated by C. N. Hinshelwood, F.R.S. — Received December 6, 1930.) 

(Abstract.) 

Propionic and bexoic acids are not adsorbed by fuller’s earth to any extent 
at any pa- Oxalic acid is adsorbed in solutions more alkaline than pa 1*8. 
The adsorption rises to a maTimum at about pe 4 and then fallsoff very gradually 
with increasing alkalinity. At pa 12 the adsorption is about three-quarters 
of its maximum value. 

The adsorption of n-propylamino and n-butylamine is influenced by acidity 
in almost exactly the same way. In both cases the adsorption rises from a 
vanishingly small value in very acid solution to about pa 4*5. From pa 4*5 
to about Pa 8 the adsorption is almost independent of tiie hydrogen-ion con- 
centration. In solutions more alkaline than pa 8*5 there is a very rapid rise 
in the adsorption to a maximum at pa 11, which is immediately followed by a 
rapid fall to a vanishingly small value at pa 13. 

It has been found that between pa 4*5 and pa 8, over which range tire 
adsorption remains almost constant, an amount of calcium is displaced which is 
almost exactly chemically equivalent to the base adsorbed. In more alkaline 
solutionB, the calcium displaced falls to zero. It is concluded, therefore, that 
the adsorption of these bases by fuller’s earth is a true apolar process in very 
alkaline solutions, but that in solutions more add than pa 8 adsorption proceeds 
almost entirely by the displacement of calcium ions from the fuUm’s earth. 

Further evidence in support of this view has been obtained by studying 
the adsorption of n-butylamine by aluminium silicate gel. In this case there 
is no calcium to be displaced. The adsorption of the base rises from nil at 
Ph 7 to a sharp maximum at pa 11, followed by a rapid fall in more alkaline 
solution. 

The fact that aluminium silicate gel does not adsorb oxalic add at all at any 
hydrogen-ion concentration suggests that the adsorption of this add by fuDn’s 
earth is due to the formation of insoluble oaldum oxaJate at the surface. 

In condusion I would like to express my sinoeie thanks to Fkofessor R. A. 
Peters for his kind interest and helpful advice throughout this uRnk, and to 
express my indebtedness to the Ramsay Memorial Trustees fnr a Fellowdiip 
which placed me in a position to carry out these researdies. 

[The JuU- paper is printed tn ‘ ProdCedings ’ A, val. 181, pp. 17-^28.] 
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The Effect, of Light on the Oxidation of Fate. 

By CouN Henbt Lea, from the Food Investigation Boatd of the Department 
of Scientific and Industrial Besearch and Low Temperature Research 
Station, Cambridge. 

(Oommunicated by Sir William Hardy, F.K.8. — Received January 28, 1931.) 

It has long been known that exposure to light exerts a powerful influence 
upon the deterioration of fats, and it has even been claimed that light alone, 
in the absence of air, is capable of producing rancidity (Wagner, Walker and 
Oestermann, 1913). It is now, however, generally admitted that the action 
of li^t consists essentially in accelerating oxidation of the fat. To follow the 
changes induced in fats by exposure to air and light it is necessary (1) to have 
a quantitative knowledge of the state of oxidation in any specimens of fat ; 
(2) to be able to detect and follow the very earliest stages in the process of 
oxidation ; and (3) to possess the means of comparing the potential keeping 
qualities of any two or more fats. Since no existing methods satisfy these 
requirements a new test for rancidity has been devised. (Lea, 1929). 

A New Test for Banddity. 

Briefly, the process consists in heating the oil or fat with a solvent mixture 
of glaoiAl acetic add and chloroform in the presence of solid potassium iodide. 
Oxidation of the reagent or fat during the process is prevented by previoudy 
filling the tube with nitrogen, while the steady evolution of chloroform v^>oar 
effeotivefy prevents difhisitm of oxygen back into the tube. The reaction 
mixture is oooled, poured into 6 per cent, potassium iodide, and titrated with 
N/600 sodium thiosulphate 8olnti<Hi. 

The sensitivity of die method is such that using 1 g. of fat a content of active 
o;iqrgwequivalmittoO’lo.o. of N/600 thioBttlphate solution, ».e., 1-6 x 10~*g. 
of oxygen, can be detected. Owing to loss of iodine by combination with the 
fiat dte ssnbtint of active oxygen measured is always slightly less than the 
mmath aotudly present. This point togediear with «iperimental detaUs d 
the tbethcd is discussed in fidl in Appendix I. 

^e test for aodve oxygen outlined idwve, a modification of 
thS used. A detexminadon is cancmd out as follows. 
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The fat (1 g.) is dissolved in benzene (2 o.o.), oonoentrated hydroohloiio add 
(A.B., 1 C.C.) added and the mixture shaken for one minute. A 0*1 percent, 
solution of phloroglucinol in ether (1 o.c.) is then added, shaking continued for 
a further minute, and after separation by means of the centrifuge the pink 
aqueous layer is compared with a set of permanganate standards. These are 
I«epared in the following manner. Potassium permanganate (0*2 g.) is 
dissolved in distilled water, acidified with dilute sulphuric acid and made up 
to a litre, (solution No. 5). Five successive dilutions (Nos. 4, 3, 2, 1 and 0) 
are prepared from this solution diluting 2 * 6 times at each stage. The standards 
are renewed as soon as manganese dioxide begins to be deposited. To deter- 
mine the intensity of the Kreis test, “ n ” is first esti ma ted by direct com- 
parison with the standards. The intensity is then taken to be (2*5)". It is 
probable that this method interprets the eye’s estimate of the intensity rather 
better than does the use of simple arithmetical proportion; the difference 
between the two sets of figures, however, is usually not great. With pure fata 
consistent results can be obtained with fair accuracy, but in the presence of 
appreciable quantities of non-fatty material the test becomes much less satis- 
factory. It is essential that the ether used in making up the phloroglucinol 
reagent be free from peroxide, otherwise extremely erratic results may be 
obtained. 

Finally the Schiff reaction has been used but in a form somewhat modified 
in order to make it easier of application to solid fate (see Appendix 2). 

Determination of the Relative SttaceptibiUtiet of Fats to Oxidation. 

The samples of fat are illuminated under similar conditions and the active 
o;^gen content determined at intervals. In the present work use has been 
made of a constant temperature room at 25" C., the fat being placed at a 
distance of 3 feet below the filament of a 100-watt gas-filled lamp (with shade). 
Small flat-bottomed, crystallising dishes 5 cm. in diameter, each containing 
3*5 or 6 g. of fat, are used. Sixteen dishes may be irradiated by one lamp, e.g., 
four dishes of each of four samples of bt. A dish is removed at intervals for 
analysis.* By screening the lamps and by the use of partitions several 
eaqteriments may be carried out simultaneously in the same ro(nn. New hunps 

* The nuudmum difference in intensity of tiw light reoeiTed by any two dishM is leas 
than 2 per cent., the intensity of illnmination being taken as ptoporthmal to l/p*oosd, 
where D is the distanoe between the lamp filament and the oentre of a dish, and d the angle 
of inoidenoe. This error may be minimised by odng the dhdits furtho^ tt^ tits OSOtre 
fiMt, addle the titration is still low. 
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of the aame hatch can tisttally be relied upon to g^ve fairly uniform result!. 
It k unsatisfactory to replace the lamps by diffused daylight or sunlight, siuoe 
the stronger illumination, by greatly reducing the induction period, masks 
the differences in susceptibility between the various specimens. 

The Effect of Various Intensities of Illumination. 

The order of magnitude of the influence of light from different sources may 
be gathered brom fig. 1 and Table I. 

In compiling the table use has been made of the api«oximate temperature 
coefficient of 1*83 obtained from experiments on cod-liver oil {cf. p. 185). 


Table I. 
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Under the mfiuenoe of strong Ught it was found that the pronounced induction 
period observed in the dark and under relatively weak illumination became 
reduced almost to vanishing point. This was demonstrated as follows. Beef 
Iddney faf" was extracted from the tissue with petroleum ether, powdered 
if . p. 183), and exposed on glass plates m a room with sky lighting (not direct 
sunli^t) during dull weather in early February. The course of the resulting 
oxidatidn is shown in fig. 5 (iii). Fig. 4 (iii) shows the curves obtained from 
similarly extracted beef external fat exposed in small flat-bottomed djshes 
(5 cm. diameter, 6 g. per dish) to a July sky in the same room. The effect 
of direct summer sunlight was still greater. Specimens of minced beef kidney 
ikts (A uid B) which were exposed to direct sunlight on hot July days— mean 
tctapemturcs 34** 0. and 37° C. respectively— in 6 hours had reached a content 
of active oxygen corresponding to 60 o.o. of N/600 thiosulphate solution per 

* Thn eipicsiinin ** beef kidney fat ” is used in this paper to denote tl» perirenal fat, 
tlwSiass of adiy^o^ 
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When the minoed or powdered fat was spread on glass {dates the temperatozes 
^ven are those registered by a thermometer with bnlb lying in the fat. When 
the fat was contained in small dishes the thermometer lay on the table beside 
tiiem. It follows that the temperature recorded for artificial and diffused 
daylight will be fairly accurate, but for mqKMure to sunlight they may be 
inaccurate owing to local heating of the fiit. 

To obtain a quantitative measure of the relation between rate of oxidation 
and intensity of the light, a sample of fresh beef kidney fat was minced finely at 
O'* C. and spread in a thin even layer on flat glass plates which were placed at 
various distances below a 100-watt gas-filled lamp suspended near the ceiling 
of a dark room. As a control experiment two similar plates were kept in the 
same room but completely screened from light. Since the fat consisted of 
small cylinders arranged at random but with the long axes mainly horizontal, 
the intensity of illumination was taken as approximately proportional to 
(1 -f cos 0)/2D^ , where D is the direct distance fiom the lamp filament, and 
6 the angle of incidence. Table II gives the active ozygen content (expressed 
as cubic centimetres N/500 thiosulphate solution per gram of fat) for different 
light intensities at the end of 260 and 400 hours. 

Table II. — The Influence of Light Intensity on the Velocity of Oxidation. 


Aotire oxygen content. 

Experiinont Mean Light 
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temperature. 

1 intensity. 

1 

1 1 
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! 400 houm. 

1 

1 
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22-68 

2 

20 
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.3 

20 

27-6 

1 2-12 

6*80 

4 

20^5 

15-2 

1 2-00 

7-80 

.5 

19-6 

11-3 

1*62 

6-76 

G 

19*5 

10-6 

1*92 

6*50 

7 

18-76 

3-4 

1*70 

5*65 

8 

18-25 

2-0 i 

1-55 

4-60 

Control 

19-6 

0 ! 

1 

0-17 

0-33 


Oomparing experiments No. 1 and No. 8 it is app^nt that redaction of the 
light intensity 50 times has only reduced the resultant oxidation by about 
five times. It follows that even very weak light may exert an appreciable 
influence on the rate of oxidation of fats. 
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The Aiitoeakdy tic Nature of Ihe Oxidation. 

The form of the curves in fig. 1 shows that the process is autocatalTtic. It 
tinerefore seemed of interest to discover what would be the course of the oxida- 
tion after removal of the exciting light, when presumably a certain amount of 



Fia. 1. — ^The effect of various intensities of illumination on the oxidation of minoed beef 
kidney fat. (i) Direct sunlight, early Match. Temperature 23° C., falling to 20° C- 
(ii) Diffused daylight, north window, early March. Mean temperature 16° 0. (iii) 
Dark room, 1 foot 1 1 inches from 100- watt gas-filled lamp. Temperature 22° to 26° 0. 
(iv) Dark room 4 feet from 100-watt gas-filled lamp. Temperature 20° to 23° C. 
(y) Dark room, 0 feet from 100-watt gas-filled lamp. Temperature 20° to 23° C. 
(vl) Unillnminated fat. 

the antocatislyst generated by the action of the light would be present. For 
this puxxKMM a specimen of minced beef kidney fat was spread on flat glass 
plates (4 inches square, 12 g. per plate), and exposed in a constant temperature 
loom (26° 0.) to the light from a 100-watt gas-filled lamp suspended 3 feet 
above it. Two lamps were used, each illuminating four plates. At intervals 
a plate was removed, sampled for analysis, and the residual fat placed in a large 
lig^t-proof chest in the same room. The results are plotted in fig. 2, curves 
1 to 9 representing the course of the oxidation taking place in the absence of 
light. 

It wfll be seen that once oxidation has set in, removal of the source of light 
does not redtme 'tile rate to that of the unexposed fat, but that the reaction 
proosiHls in the absence of light at a rate depending upon the amount'of ai^ve 
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oxygen already present. By plotting the gradients of earves 1 to 9 against the 
initial contents of active oxygen it is apparent that the catalytic effect jooduced 



Fia. 2.— The effect of various periods of illumination in promoting the subsequent ozida* 

tion of beef kidney fat. 

by quantities of ojcygen up to about 6 o.o. N/600 thiosulphate per gram if 
directly proportional to the amount present. Between 6 c.c. and 10 c.c. the 
increase in catalytic effect for each cubic centimetre ot oxygen added rapidly 
fallSi becoming more or less constant above 10 CsC. at a fraction of its former 
value. The beginning of the approximately linear part of the qxaiatio]l 
curve depends to some extent upon the physical state of the fats Values of 
roughly 8 c.c. and 16 c.c. were obtained respectively for powdered Art (1 g. p^ 
14 sq. cm.) and a flat surface of solid fat 2'25 mm* thidc (I g. per 4 sq. cm.); 

It follows from the autocatalytio character of the change that the preoinoe ol 
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quantities of active os^gen too small to exert any influence on odour and flavour 
may yet be very harmful from the point of view of keeping quality. It is 
therefore probable that the potential storage life of many fatty products is 
seriously impaired by the methods employed in their manufacture. To quote 
an instance. A sample of absolutely fresh rendered lard, obtained from a local 
factory, though sweet to the taste, already gave oxygen and Kreis values of 
3*6 c.c. and 3'2 units respectively. The induction period of this fat exposed 
in flat-bottomed dishes (6 cm. diameter, 5 g. per dish) in a room at 25° C. to 
the light from a 100-watt lamp at 3 feet distance was extremely short (fig. 3 (i) ). 
For purpose of comparison the oxidation curves obtained under similar con- 
ditions from a mote resistant fat (fresh mutton kidney fat) are also shown. 



Jha. 9.— (i) Lsxd. IVmperstnie 27° C, (ii) Mutton kidney fat (extraotod). Temperaton 

27-2' C. 


The very short induction period possessed by a partly-oxidised fat is again 
seen in fig. 6 in the case of cod-liver oil. 
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Differeruies in 8u9oepiibil^^ 

As might perhaps be expected, ^e readiness with which the fat undergoes 
oxidation may vary considerably in different animals. This is clearly shown 
in fig. 4. Two samples of fresh beef Kidney fat from different animals were 
chopped finely on a glass plate at —6^ C., sieved, and the powdered fat spread 
in a thin uniform layer on glass plates (10 inches by 6 inches, 20 g. per plate). 
The two plates were placed in a constant temperature room at 25^ C. and 
illuminated simultaneously by the same lamp suspended 3 feet above them. 
The respective rates of oxidation are plotted in curves (i) and (ii). 



Fy».4.-~(i)Beef kidney fat A. Temperature 27-1® C. (U) Beef Udney fat B. Tempera- 
ture 27* 1® C. (iii) Beef external fat (extaraoted). Sommer sky light. Mean tempera- 
ture 25° C. 

Beef kidney fat is a complex containing in addition to the fat proper {oiroa. 
96 per cent.) smaller quantities of water {circa, 3 pm: cent.), oonnectiye tissue 
(dry weight <1 per cent.), blood, pigment, sterols, etc. Bobiason (1924) 
has shown that hmmoglobin accelerates the oxidation of drying oils« Moisture 
is usually said to favour the oxidation, but according to Holm mid Oteenbank 
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(1924) retards it. It was therefore quite possible that the observed differeooee 
in susceptibility of these two fats might be due to variation in composition or 
amount of the non-fatty constituents, rather than to actual chemical divendty 
in the fats themselves. The two samples were therefore ground up with 
anhydrous sodium sulphate and silver sand, and extracted with peroxide- 
tree ether using a hot extraction apparatus in a darkened room. After removal 
of the solvent under vaoutun the fats gave the following analyses : — 


Fat. 

Iodine 

number. 

Sap. I 

oquivelent. ! 

i 

Free acidity 1 

(as peroentaj^ { 
oleic). 1 

Colour of the melted fat 
(as peroentage N/lOO 

1 Kfirfi,). 


! 

1 

i ! 

1 

A 

B j 


42-51 285-2 

40*25 2S40 

'i 

i 1 

i 0*24 1 

1 0-18 

: 

30 

11 


The extracted fate were now chopped, spread on glass plates, and irradiated 
under conditions similar to those employed in the previous e 2 q>eriment. The 


Time, in hours 

Ite. A— (1) Beat kkhwy fat A (extracted). Laiiq>. Temperature 27'S° C. (ii) Beef 
Iddaay fa* B (extracted). Lan^t. Temperature 27*3* C. (iv) Beef kidney fat A 
(extracted), liamp. Temperature 27*3° C. (iii) Beef kidney fat B (extracted). 
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nsult expressed graphically in fig. 5 (i) and (ii) shows that the general d^eninoa 
between the two fats still held. 

The difierence in susceptibility of these two fats oannot be attributed to 
moisture, connective tissue, enzyme or 'blood content, but must, in the main, 
be due to their chemical nature. The possibility that the fat pigment may play 
some part in the oxidation must not, however, be forgotten. No attempt was 
made to correlate susceptibility with age, food, breed, etc., of the animal. 

The Bleaching Actum of Light. 

It is well known that the pigments present in natural fats often may be 
destroyed by exposure to light, in fact this principle has been applied technically 
in the refining of oils. In order to investigate the relationship between colour 
change and the general oxidation process a rather deeply-coloured specimen of 
beef kidney fat (A) was used. The extracted fat was powdered, spread on a 
^ass plate, and exposed as usual in a constant temperature room at 25° C. 
to the light from a 100-watt lamp. The active oxygen content was deter- 
mined at intervals, and in addition samples each of about 3 g. were removed, 
rapidly melted, and the colour compared with a series of tubes containing known 
dilutions of N/lOO potassium bichromate solution. The results are plotted 
in fig. 5 (iv). It is evident that by the time the linear part of the oxidation 
curve is reached bleaching is already complete. The solid finally obtained 
was pure white and lard-like in appearance, quite different from the original 
yellow fat. 

Intensity of the Kreit Test in Relation to Active Oxygen Content. 

As already mentioned, in addition to the test for active oxygen, use was made 
of the Kreis reaction to follow the oxidation of fats under the influence of 
light. It has been stated by Holm and Greenbank (1923) that the intensity 
of the Kreis test is directly proportional to the amount of oxygen which has 
been absorbed by the fat. From the preceding diagrams (figs. 3, 4 and 6) 
it will be seen that in the present experiments a distinct parallelism has been 
found between the “ active ” oxygen content of a fat and the intensity of the 
Kreis reaction.* This relationship, however, is not constant, but may vary 
greatly under different conditions. At low temperatures the rate of increase 
of the Kreis reaction is much smaller than that of the content of aorive oxygen, 
but in bright sunlight ike Kreis reaction intueases much the niore rapidly. 

• It should be noted, however, that the units in which values of the KtriS iahaieity sm 
plotted are obtained from an arUfrarily chosen set of permangawate rtai>daidi (sf. |^ Itih 
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Fig. 6 repTOB^ts an experiment oacried ont with crude cod-liver illnmiouted 
at three different temperatures by a 100-watt lamp at 3 feet distance. 



Fio. 8. — Tbe effect of temperature on the Kreis-aotive oxygen relationship, (i) Active 
oxygen 27-5® C. (ii) Kreis reaction 27-6® C. (iii) Active oxygon 7-4® 0. (iv) Kwis 
reaction 7-4® C. (v) Active oxygen — 9-4® C. (vi) Kreis reaction -9-4“ 0. 


The temperature coefficient for the accumulation of active oxygen between 
7*4® C. and. 27* 6® C. is approximately 1*83, that for the Kreis reaction con- 
siderably higher. 


The InfluSnee of Oxidation on Free Aoiddty. 

Oxidation in the presence of light appears to have little effect, at least in 
the earlier stages, upon the free acidity of the fat. No detectable increase 
could be observed for low contents of active oxygen, while titrations up to 
60 0 . 0 . N/600 thiosulphate solution per gram resulted only in inoreases of 

the Older of 0*2 to 0*3 per cent, (oabulated as oleio acid). 

Summary. 

A test for the detection of oddation in fats has been described, 

tygeriker irith a technique for quantitative applioatitm of the Kreis leaotkm. 
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A new method for determination of the relafdve soaoeptibilitieB of fats to 
oxidation has also been outlined. 

Oxidation is accelerated sensibly by weak artificial light, while exposure 
for a few minutes to direct sunlight is'sufficient to produce rancidity. 

The reaction is autocatalytio and even brief exposure to light accelerates 
the subsequent oxidation. 

The existence of differences in susceptibility between various specimens of 
beef &t has been pointed out, and the effect shown to be due to the chemical 
nature of the fat rather than to the non>fatty material present. 

Bleaching of the yellow pigment of beef fat has been shown to occur at a 
comparatively early stage in the oxidation process. 

The relationship between intensity of the Rreis teat and active oxygen 
content of the fat has been found to vary with the temperature. 

Appendix 1. 

The Active Oxygen Test. 

Results obtained in this test depend upon the proportions of fat and solvent 
employed. When too high a concentration of fat is used results are low owing 



Crams of fat per 100 c,c. solvent 

Fia,7. — (i)CkKi-HveroUai 3 d(ii)bee£kidQ 07 f*t. Baoh oaaUining »otiy» oijiaa eqttiyriant 
to 40 0 . 0 . N/dOO thiooulphate por gram, (iii) Cod*liver oil and (ir) bee! kidney lat. 
XJnozidiied ; in the pr^eeenoe of bensoyl poroadde etpiirai^t to 40 o.o. tUoeulpbate 
per gram of fat. 
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to absoKptioD of iodine, partioiilarlj in the case of a highly onaatuxated fat. 
The magnitude of thia effect haa been inveatigated in the oaae of beef Iddn^ 
fat (iodine number 42*5) and cod-liver oil (iodine number 177*6). A apecimen 
of each fat was oxidiaed in a conatant temperature room under the influenoe 
of li^t from a lOO-wntt lamp. At intervals a sample was removed and the 
apparent active oxygen value determined using 1 g. of fat in 4, 9, 19 and 32 * 8 o.o. 
of solvent. Fig. 7 (i) and (ii) shows the effect of concentration on the absorp- 
tion of iodine, when the true active oxygen content of the fat (obtained by 
extrapolation to zero concentration) was in each case 40 c.o. N/500 thiosulphate 
solution per gram. 

Using 1 g. of fat in 19 c.c. of solvent it is evident that the fraction of the total 
peroxide measured is about 95 per cent, in case of beef kidney fat and 85 per 
cent, in that of cod-Uver oil. For other contents of active oxygen the figures 
obtained were as follows : — 


True motive oxygen content 
(c.c. N/500 thioftulpnate per gram). 

Percentage measured (1 g. fat in 19 c.o. aoh 

Cod-liver oil. 

1 

1 Beef kidney f 

40 1 

I 

! »6 

20 

1 sa 

I 95 

10 

1 99 

1 96 

5 

1 92 

1 98 

1 


Results obtained with any particular concentration of fat in solvent are quite 
definite and reproducible. No correction for absorption of iodine has been 
applied to any of the experimental results given in this paper. 

In a further experiment, fig. 7 (iii) and (iv), 1 g. of fresh unoxidised fist was 
used in conjunction with different volumes of solvent, the iodine (equivalent 
to 40 c.c. N/500 thiosulphate solution) being provided in each case by the 
requisite quantity of benzoyl peroxide. It was possible by this meuas to 
determine directly the loss of iodine at each dilution. The absorption was 
now found to be much smaller than when the iodine was liberated by the fat 
peroxide. It is possible that addition of iodine to i^e double bonds of Ibe 
fat occurs most readily at the instant of removal of the oxygen. 

The presence of protein in not too large quantifies, s.g., animal fats in the 
tissue, etc., does not interfere with the determination except in that adsorption 
of iodine by the non-fatty material renders the end point in the titration some- 
trirnt slower and leas ddMte. 
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The following materials are requited for a deterttiixiatioii, (i) a solvent mutate 
oonauting of glacial acetic acid (A.R.) and ohlotofotm {A.B.) in the proportion 
of 2 : 1 by volume ; (ii) potassium iodide as solid (powdered A.R.) and as 
a roughly 6 per cent, solution prepared by dissolving the crystals in freshly 
boiled and cooled distilled water. The solution should be made up only as 
required ; (iii) sodium thiosulphate solution (N/500) prepared by dissolving 
sodium thiosulphate crystals (A.B. 2*6 g.) and sodium carbonate (anhydrous 
0* 1 g.) in carbon dioxide free water (6 litres). The solution is kept in a syphon 
bottle fitted with a soda-lime guard tube and protected from light. 

Standardisation is carried out as follows. To 10 c.c. of standard N/lOO 
potassium bichromate solution, 5 per cent, potassium iodide (20 c.o.) and con- 
centrated hydrochloric acid (A.R. 10 c.c.) are added, and the liberated iodine 
titrated at once. A blank is carried out using 10 o.c. of distilled water in 
place of the bichromate, and immediately after addition of the acid running in 
distilled water (boiled and cooled, 60 c.c.) from a burette. The standardisation 
should be carried out in artificial light. Under these conditions the blank 
does not usually exceed 0*3 to 0*6 c.c. 

The apparatus used is simple. Strong thick-walled test tubes 17 nun. in 
diameter are required. The tubes are fitted with rubber stoppers, machine 
bored with one hole (circa. 4 mm. in diameter). A glass plug 8 mm. in diameter, 
3 cm. long, rounded at one end and flattened at the other, and a nitrogen 
cylinder fitted with fine adjustment valve are also necessary. 

A determination is carried out as follows. The fat (1 g.) is weighed into the 
tube, solid powdered potassium iodide (1 to 2 g.) added, and the solvent mixture 
(19 o.c.) run in from a graduated pipette, washing down any potaasium iodide 
adhering to the walls of the tube. A rubber stopper is fitted, the tube sup- 
ported in some type of stand in which it is protected from light, and a steady 
stream of nitrogen passed for two minutes into the air space above the liquid 
by means of a narrow glass jet which passes loosely through the hole in the 
stopper. The jet is then removed, the finger placed lightly over the hole, and 
tile tube heated in an inclined positimi (rotating to prevent cracking) over a 
very small flame applied to the bottom of the tube. When the liquid is 
babbling fairly freely the tube is plunged into a large boihng-water bath. 
The liquid rapidly boils, the chloroform vapour expelling the nifxogen and any 
re m ai n ing air. As soon as vapour is issuing from the hole, as tiiown by oon- 
densation on the edges, the finger is removed and a glass plug fotioed in. This 
operation should be carried out when the frotiiing liquid hi iMaiiy at the top 
of the tube. The closed tube is shaken vigmcously for a few seconds and oooled 
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under tiie tap. The stopper is then removed, the liquid instantly poured into 
a conical flask (160 c.o.) containing 5 per cent, potassium iodide solution, the 
tube rinsed out twice with potassium iodide and the free iodine titrated. It is 
advisable to carry out the determination by artifioia] light. The autiior's room 
at the Low Temx)erature Research Station is fitted with dark blinds. Illumina- 
tion is obtained from a single 60-watt lamp, and the boiling, cooling and pouring- 
out processes are carried out screened from direct light (the operator’s own 
shadow will sufi^). Titration is carried out with the aid of a daylight lamp, 
the end point being perfectly sharp and (in artificial light) displaying no 
tendency to “ go back.” A routine determination occupies roughly half an 
hour. 

Appendix 2. 

The Sdhiff Reaction. 

The flit (1 g.) is weighed into a small tube (3 inches by | inch, as used for 
tile Kreis test), chloroform (1 c.c.) added and the tube warmed with shaking 
until solution is effected. The tube is then cooled and 0'06 per cent, fuohsin- 
sulphurous acid reagent (1 c.c.) added. The mixture is shaken forone minuteand 
allowed to stand in a dark cupboard for 10 minutes. A milk-white emulsion 
indicates a negative reaction, uid a violet colour a positive one. The test is 
of the same order of sensitivity as the Kreis reaction, but does not lend itself 
so readily to quantitative use. 

The author wishes to express his thanks to Mr. C. R. Bamicoat, M.Sc., for 
the use of results in fig. 3, and to the Salters’ Institute of Industrial Chemistry 
for a Fellowship during tenure of which this research has been carried out. 
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The Ddayed Lethal Effect of Radium on Tissue Cultures in vitro — 
Comparison of Ccmtinuous and Spaced Radiation. 

ByF. 6. Sfeab, M.B., Strangeways Research Laboratory, Cambridge. 

(Communicated by Sir Frederick Andrewes, F.B.S. — Received February 6, 1931.) 

Introduction. 

In a previous paper (Spear, 1930) I have described the delayed lethal effects 
of radium on tissue cultures in vitro. Two quantities of radium were used in 
the experiments — 100 mg. and 300 mg. — ^and exposures varied from 3 hours 
up to 24 hours. It was found that when a delayed lethal effect followed 
exposure to radium, it occurred sooner in those cultures which had been exposed 
to the greater intensity of radiation for a shorter time than in those subjected 
to the lesser intensity for a longer time, the product of milligrams of radium 
and hours of exposure being constant in a given comparison. 

The following experiments were made to compare the length of the survival 
period of cultures exposed to a continuous irradiation known to be lethal, 
with the survival period following exposure to a spaced radiation of the same 
intensity. 

Previous work showed that exposure of tissue cultures to 300 mg. radium at 
0-6 cm. distance for 6 hours would produce a lethal effect within 16 days. 
It was decided to confirm this on a larger number of cultures than used hitherto, 
and then to compare the result with that following an exposure to the same 
radium for 1 hour daily on six successive days. 

The expenses in connection with this study were met by a grant from the 
Medical Research Council. The radium used was lent, at the request of the 
British Empire Cancer Campaign, by Messrs. Watson Ic Sons and the Radium 
Beige. 

Material and Methods. 

Material . — The tissue was obtained from the choroid and sclerotic of fowl 
embryos of 8 to 9 days’ incubation. Each culture was grown in fowl plasma 
and fowl embryo extract on a No. 1 coverslip inverted over a hollow ground 
slide, sealed with paraffin wax and incubated at 37° C. 

Growths of the second subculture were used. 

Radiologiod Technique . — Exposures to irradiation were made in a speoiid 
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•ppazatQS oalkd a zadiom lantern, desoiibed in a previoufl paper (Canti and 
l^pear, 1927). It oonaiste eseentiallj of two discs of oonunerdal lead, eaob 
capable of oanying one hollow ground slide. The radium is arranged half-way 
between the lead discs so that two cultures can be exposed at one time. 

The source of irradiation was 300 mg. radium element in the form of sulphate 
in a circular flattened platinum container with walls 0*5 mm. thick. The 
internal dimensions of the container were 13 mm. by 1 mm. 

Specimens were brought from the culturing laboratory to a special room 
where the radium and lantern were kept at 37° C. After exposure tiie cultures 
were returned to the culturing laboratory, care being taken to prevent chilling 
during the transferences. Not more than six cultures were irradiated on any 
one day. 

Cultural Technique. — (o) Experiments with Continuous Irradiation. — ^Im- 
mediately after irradiation specimens were subcultivated and returned to the 
incubator. Subcultivation was made every 48 hours so long as the specimen 
survived (see Chart 1). A culture was considered “ dead ” when, after 48 
hours’ incubation fdUowing the last subculture, it showed either no migration 
of cells or not more than three cells projecting from the body of the explant. 

OultuTM irradiated 6 hours and 
suboultivated 

2nd subcultivation 

3rd subcultivation- 

4th suboultiyation- 

5th subcultivation**’ 

3th subcultivation- 

7tb subcttltivatiQn- 

Sth snboultiyation- 


OmMMt l««--81i0wiiig Survival Periods after Oontiiinoiai^lrr^^ 6 hours. 

Aach v^t^oal line represents life histoiy of one oultare. 



o 
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At subcultivatioii the explant waa not divided but only '' trimmed ’’ and 
transplanted to fresh medium. 

Control cultures were used to check the cultural conditions of the experiment! 
and these were not maintained after the death of the corresponding irradiated 
specimen. 

(6) Experiment with Spaced /Zodiotion.— Group I.-— Cultures were irradiated 
for 1 hour daily on six successive days. They were subcultivated immediately 
after the first; third and fifth irradiation and every 48 hours thereafter so long 
as they survived (see Chart 2). 


Cultures irradiated 1 hour Dm 


and subeultiyated — ► 

Icradiatton 1 hour ► 

Cultures irradiated 1 hour 
and subeultiyated — ► 

Irradiation 1 hour ► 

Cultures irradiated 1 hour 
and subeultiyated — ► 

4th auboultivation 

5th euboultivation 

6th Bubcultiyation 

7th Bubcultiyation 

Sth Bubcultiyation 


I ^ 

dead 

dttd 

dMd 

dead 


Cultures irradiated 1 hour^ 
OultuieB irradiated 1 hour 

and Buboultivated ► 

Oulturea irradiated 1 hour-^ 

Cultures irradiated 1 hour 

and Buboultiyated ► 

OultuieB irradiated 1 hour-^ 

OultuieB irradiated 1 hour 
and subeultiyated ^ 


4th Bubcultiyation- 


5th Bubcultiyation 


6th Bubcultiyation 


7th Bubcultiyation 


ish 

Sth Bubottltiyation — 

I7l iifii 


Chabt 2.--Showmg Soryival Periods alter Spaced 
Irradiation of 1 hour daily on six saeoeBsiye days. 
CultnieB of Group L 

Each yertioal line repreBents life histen'y of one 
culture. 


OsAxr 8.— Showing Sanrival Periods after 
Spaced Irradiation of 1 hour daily on six 
BucoesBiye days. Cultures d Group TL 
Each vertical line represents life history of 
onaoultare. 


Group Il.'-Cultures were irradiated as in Group I, but submiltivated im- 
mediately after the second; fourth and sixth irradiation (see Chart 8). 

Four special control cultures were grown in plasma and extract which had 
been irradiated in separate tubes before use. 
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Experiments and BesuUs. 

(a) Cantintmu Irradiation for 6 Hows . — ^The appearance of cultures' irradiated 
for 6 hours with 300 mg. radium have been described in detail in a previous 
paper (Spear, 1930). It was then shown that the average survival of six 
cultures after irradiation was 6*3 subcultivations. 

In the present experiments, 12 additional cultures survived for an average 
of 6'0 subcultivations after exposure. The average survival period for tiie 
total 18 cultures was 6*1 subcultivations. 

These results are summarised in Table I and expressed diagrammaticallj in 
Chart 1. 

(b) Spaced Irradiation of 1 Hour each Day for Six Successive Days . — 
Group 1. — ^Tbe average survival period for 14 cultures was 6* 4 subcultivations. 
Group II. — ^The average survival period for 6 cultures was 6 *2 subcultivations. 

The average survival of the total 20 cultures of Groups I and II was 6*0 
subcultivations. These results are summarised in Table I and expressed 
diagrammatically in Charts 2 and 3. 

Table I. 

Number of ■nboniti'vutione before death. Aeenge. 


Oontiaaoue irradiation (18 cul- 

totee) 8.8.8.8.8*. 7*7.7. e*.e*.6*.B*.6 0.4 4.4.4 S-1 

^aoed inadiaMoa (SO etdtuna) St 8 7 7 7 7 7 7 S 06 6 5 0 5 Sf Of Of Af 4t 6-0 

* Cultures ino l nded from pieTiona work, 
t Otoup n oulturee. 

Description of Control Cultures. 

A few hours after suboultivarion, cells wander out from the tissue into the 
medium by amosboid movement until the fragment is surrounded by a nme 
of cells. This sone consists of evenly distributed feather-IUce cells which 
arrange themsdves in columns, radiating from the original tissue fragment, 
like peUds of a daisy. Otil division is frequent in tiiis zone after 12 hours’ 
growth, and the number cd mitotic figures increases fairly mindly up to about 
the 20th hour *, thowafter it remains practically constimt in a pven culture 
until about the 40th hour of incubation. The number then diminishes. The 
culture is subbultitatBd after 48 hours’ incubation. 
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Detorij^ion of CuUttres after Exponuree to Spaced Irradiation. 

Ejposute to radiom for 1 hour does not produce a very marked efieot on 
cultures which are suboultivated immediately (Group I, p. 192). After a few 
hours cells begin to wander out from the explant and mitosis is seen within 24 
hours. When a second irradiation of 1 hour is now given and the culture 
incubated unchanged, the character of the sone of growth is practically un- 
altered. After the third irradiation (followed by snbcnltivation) cells wander 
out from the explant and form a narrow compact mass of tissue with few 
mitotic figures. Some of the o^ in the vegetative state are enlarged and 
their outlines difficult to see. The fourth irradiation causes little alteration 
in the appearance of the culture. After the fifth irradiation (and suboultiva- 
tion) d^enerative changes are marked, while cultures subcultivated 24 hours 
after the sixth irradiation show a very “ straggling ” outgrowth which appears 
as short irregular lines of ceils well separated from one another. Some cells 
lie quite isolated ; many are much enlarged and none have yet been seen in 
mitosis. 

After each subsequent subcultivalion outwandering is markedly diminished. 
It ceases altogether, as a rule, about 12 days after the first irradiation. 

Those cultures which were subcultivated after the second, fourth and sixth 
irradiations (Group II, p. 192) showed in general the same appearance, but as 
a group they degenerated slightly more rapidly than the specimens of Group I. 
Two survived only four suboultivations, three survived five. 

The four special cultures which were grown in medium that had been 
irradiated were indistinguishable from the controls grown in ordinary medium. 

Ditcuaeion. 

An examination of the effects of spaced and continuous radiation obtained 
by different workers gives apparently conflicting results. 

Ancel and Vintemberger (1928) found that the biological effect on eggs of 
Sana fuaca was dimini^ed by giving a split dose of X-radiation, and Anod 
(1928) found a similar result after the itrsdiation of lentil roots. On the other 
hand, Sohinz and Slotopolsky (1926) found an enhanced effect on the testicle 
of the rabbit when a split dose of X-radiation was used. The same reeolt 
was obtained by Begaud and Ferroux (1927), who dvowed, however, that a 
split dose decreased the efficacy of the irradiation when the skin of the 
same animal was exposed to X-rays. 

Alberti and Politzer (1924), working on amphibian lama, found ^t tiw 
efficacy of spaced radiation varies when tire interval between the irtadiationi 



Effect of Radium on TUsue CuRures. 195 

is altered. By diooemg a suitable interval they were able to produce an effect 
corresponding to an irradiation two or three times the sum of the separate 
doses. 

The results of my experiments show that cultures irradiated for 6 hours 
continuously survive on the average for the same period before death as 
cultures irradiated for 1 hour daily on six successive days, provided that the 
subcnltivations are counted from the beginning of the spaced irradiations. If 
the survival period is measured from the end of the irradiations, cultures are 
seen to degenerate much more rapidly after the last of the spaced irradiations 
than after the continuous irradiation owing to the fact that the tissue irradiated 
in the former case is already much damaged from its five previous exposures. 

Spaced radiation thus appears to have a cumulative action in the cells of 
the original explant, and under the conditions of this experiment it is immaterial 
whether the dose of radiation is administered all at once or in equal fractional 
doses, at 24-hourly intervals. 

Summary. 

Exposure of tissue cultures in vitro to gamma rays from 300 mg. (with 0*5 
platinum filter) at 0*6 cm. distance for 6 hours caused a delayed lethal effect 
after an average of 6*1 subculrivations. 

Exposure of tissue cultures to the same radium for 1 hour daily on six 
successive days caused a delayed lethal effect after an average of 6*0 sub* 
cultivations measuring from the beginning of the spaced irradiations. 

Condutions, 

Under the conditions of the experiment it is immaterial whether an irradia- 
tion is administered in one dose of 6 hours or in six fractional doses of 60 
minutes each at 24-hourly mtervals. 
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The Reaction of the Dental Pidp to Peripheral Injury of the 

Dentine. 

By E. W. Fish, M.D., Ch.B., L.D.S., Department of Physiology and Bio- 
chemistry, University College, London, and John Hampton Hale Research 
Laboratory of the Royal Dental Hospital of London. 

(Communicated by C. Lovatt Evans, F.R.S. — Received December 6, 1930.) 

[PUATBS 9-14.] 

1. Introduction. 

A series of experiments by the author (1927) on the dentine of monkeys and 
dogs, extending from 1924 to the present time, has shown that there is a free 
fluid path along the dentinal tubules in a space between the fibril of Tomes 
and the wall of the tubule. 

It has also been demonstrated (Fish, 1928) by diffusion earperiments that a 
peripheral injury to the dentine cause stasis of the contents of the injured 
tubules and that the tract of tubules involved becomes cut off from fluid 
oommunicatioh with the pulp by a deposit of secondary dentine. Not only 
does this tract of tubules become cut off from tiie pulp, but also by irritating 
the neighbouring tubules it causes them to deposit lime salts in the com- 
municating branches so that it is ultimately cut off from the surrounding 
dentine, and is in this way completely isolated physiologically from the rest 
of the tooth and must be regarded as a dead tract. 

These observations have been corroborated by Boedecker (1930), who devised 
a series of modified experiments to test their accuracy. 

The object of the present investigation is to discover the nature of the 
reactions in the pulp which lead to the isolation of such an injured tract of 
tubules. 

The method by which these reactions were investigated consisted in cutting 
cavities in the sound dentine of monkeys and dogs, either filling the cavities 
with cement or leaving them open to the mouth, and at the end of 2, 4 or 
12 weeks killing the animal and cutting serial secti<ms of the dentine and 
pnlptnsttu. 

Teciimyue of BrptrmeiA.—k. dog or monkey is aassstlmtised with eUiwo- 
fotm and ether Mid a shallow cavity just Mitering the dentine is out hi each 
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of the front teeth with dental burs. It is necessary to keep the bur wet to 
avoid inrodndng heat which might in itself injure the pulp. The cavity is 
underont slightly and filled with copper ozyphosphate cement, or left opmi 
to the mouth as the case may be. The pre-determined time is allowed to 
elapse, whereupon the animal is killed and the teeth are cut out. Each tooth 
must have the end of the root out otl to expose the pulp to the reagents used 
in fixing, decalcifying and embedding. The butyl alcohol method is mnployed 
and serial sections are prepared and stained with hsematoxylin and eosin or 
Van Gieson. 

The disadvantage of this method of investigation is that the experimental 
injuries inflicted upon the dentine may be either less severe or more severe, 
according to the technique used, than are the natural lesions such as attrition 
or caries, which occur in human teeth. 

If a tonall experimental cavity is cut in healthy dentine and touched with 
concentrated carbolic acid following the usual clinical practice, and then seided 
hermetically under aseptic conditions with copper oxyphosphate cement, the 
dentinal tubules, although injured, remain unoontaminated. NevertheleaB, 
having been injured, their contents generally die, but since the tubules are not 
open to month contamination the odontoblasts themselves are not seriously 
affected, so that having sealed off the dead tract they form a highly tubular 
type of secondary dentine. It happens occasionally that, provided stagnation 
is prevented in the injured tubules by intercommunication between their 
lateral branches, or other nmans, they remain alive at least for a time mid no 
apjueciable reaction at all is observed in the odontoblast layer even after 
several weeks. 

On the otlmr hand, in the case of natural lesions, the tubules are not opened 
up all at one time, but gradually, one after another. Moreover, each becomes 
contaminated by mouth fluids and bacteria as so<hi as it is opened. The result 
is always death of the tubules together with most of the odontoblasts, and an 
impermeable barrier of more or leas hyaline secondary dentine is laid down at 
the pulp margin. 

If an attempt is made to simulate these natural lesions by cutting an experi- 
mental cavity and leaving it unfilled, a very serious discrepancy agmn exists 
between the nafanal and the experimental lesion m that the former is gradual 
in its dewrii^^ent, while Ihe latter lays open a large number of tubules to the 
mouth fluids at one time. 

TIm eflsot of these fl^ diffusing into the pulp along so many tubules at 
onse nmy be mwih^i^^ severe than any leaetion obesrved nndmr early oaiiee 
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Nevertlieleaa, an examination of the setial aeotions of 177 teeth in whidi cavities 
were cut experimentally, and were in some cases filkd up and in others left 
open to the mouth, has shown a series of reactions to the injury which vary in 
severity, and many of which tend to-wn end result similar to that observed 
under the more gradual natural lesions. 

An approximate classification of these reactions according to their degree of 


severity, gives the following figures : — 

Number of teeth operated upon 177 

Number of these showing no reaction in the pulp 20 

Number of these showing changes in the odontoblast 
layer, and, where sufficient time was allowed to elapse, 
a deposit of secondary dentine 157 


Of the latter group, 26 showed in ad<tition marked round-celled infiltration 
of the pulp under the injured tiact of dentine and 6 showed actual localised 
granulomata or focal abscesses of the pulp, probably due to infection from the 
mouth along the injured tubules or from the blood stream. 

These figures are probably very largely influenced by variations in technique, 
since in this preliminary investigation the extent and depth of the lesion in 
tiie dentine has not been standardised. The temperature at which the cavity 
was cut and the thickness of the dentine in the tooth operated upon may also 
have some bearing on the pulp reactions. The figures, however, serve to 
show that the changes in the odontoblast layer and the deposition of secondary 
dentine about to be described are the typical reactions to peripheral injuries 
of tile dentine. An attempt is being made to control the factors involved in 
the experimental production of the lesion, and a further report will be based 
on the results. 

The changes which occur in the tooth may be considered in three groups 

(а) The production of secondary dentine. 

(б) Ohanges in the odontoblasts assodated with the injured tubules. 

(c) Gleneral ohanges m the pulp. 

II. Secondary DenHne Produethn. 

The phenomenon of secondary dentine prodnctum exhibits two disfhiot 
phases: — 

(1) Sealing up the injured primary tubules with oaldunt satts, whioti 
stitute a barrier between primaiy and seconds^ dsartiae. 
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(2) Formatioa of the seooiuiUzy dentine propec, which may be tabnler, 
modified tubolar or hyaline. 

The reaetkm of barrier formation and secondary dentine production is always 
strictly confined to the pulp surface of the injured tract of tubrdes. It never over- 
laps the unitjured tubules, and may therefore be regarded tu a specific reaction to 
injury of the dentindl tubules (fig. 1, Plate 9). 

The first phase of barrier formation between primary and secondary dentine 
involves the deposition of calcium salts in the central ends of the injured 
tubules. 

This deposit may be seen at A in fig. 2 (Plate 9)* which is a photomicrograph 
of a dog’s tooth only 2 weeks after the production of the peripheral lerion. 
It would appear that by cutting across the disteil end of the tubule fluid move- 
ments therein have been arrested and coagulation has set in and extended as 
far as the pulp end of the tubule. The ingress of mouth fluids, or even this 
coagulum itself, then appears to have acted as an irritant to the pulp, which 
reacted immediately by laying down lime salts at the point of irritation. 

Not only are calcium salts deposited some little distance up each tnbnle, 
but they continue to be deposited until a considerable layer (“ B,” fig. 2) has 
been produced, completing the barrier, wheteuimn secondary dentine proper 
(“ 8,” fig. 2) begins to form. Figs. 8, 4, 6, 7b, 7o, 7d, 9 and 12 (Plates 9-14) 
also show this barrier, the occluding calcium salts in the tubules appearing 
almost black when stained with hsBmato^lin. 

In fig. 3 the secondary dentine has been slightly tom away from the primary 
in preparing the seotion and the deposit of calcium in the ends of the primary 
tubules, together with the further deporit (B), acting as an extra seal is evident. 
The secondary tubules start quite independentiy of those in the primary dentine. 

Sometimes this first barrier fails to protect the secondary dentine from 
irritation and apparently leaks at some pmnt. In these oases the secondary 
dentine already formed shares the fate of the contaminated primary dentine 
uid is in turn sealed off by a secondary barrier (B, fig. 4) and a further deposit 
of secondary dentine is laid down. 

This duplication of barriers is common in human teeth under natural lesions 
of the dentine and is the normal reaction when caries, having destroyed the 
primary dentine, penetrates the barrier and infects the secondary dentine 
(Fish, 1929). 

* Tihe teeth figmed in the iOastMtieuis, exoept fig. S> have all been dsoakified suffloieiitiy 
to peenift ^eir betag eat into Mctiaaa on tite asieraitoiae, but eneaipi oalofaun ealts nsiaia 
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like physiological effioieaoy erf this burier can he best observed in gronnd 
sections (Fish, 1928) where its high caldum content renders it translucent 
and emphasises the discontinuity between the prinuury and secondary tubules 
(fig. 5, Plate 10). 

When an efficient barrier has been formed, the pulp b^|^ to lay down 
one of the recognised types of secondary dentine. The number of tubules in 
this secondary dentine depends solely on the number of odontoblasts which 
survive the initial injury. If most or all of them are destroyed, the seoondMy 
dentine is hyaline in t}^ and contains practically no tubules. This is common 
under natural lesions in hiunan teeth, but the most usual type of secondary 
dentine under experimental injuries is a modified tubular type in which there 
are perhaps one-fifth of the usual number of tubules, four-fifths of the odonto- 
blasts having disappeared. When, however, almost all the odontoblasts 
survive, a highly tubular tyrpe of secondary dentine is formed which looks 
exactly like the primary and is only recognised by observing the presence of 
the barrier. If a specimen showing this highly tubular type of seconds^ 
dentine is decalcified very thoroughly, the calcific barrier (B, fig. 2) will disappear 
and the tubules of the secondary dentine almost appear continuous with those 
of the primary, though there is always a twist or kink to indicate the site of 
the plug of calcium salts which has disappeared. 

Fig. 6, like fig. 4, is an example of the modified tubular type. The barrier 
is clearly shown plugging the dead tubules and the associated reduction m 
number of both the tubules of the secondary dentine and also of the odonto- 
blasts is evident. 

III. Changes in the Odontoblasts. 

Reference has already been made to the fact that the pulp reactions to 
superficial injury of the dentine vary in severity. The changes which take 
place in the odontoblast layer are confined to that part of it which lies immedi- 
ately under the injured tract of tubules. The end result of this change is 
death of a proportion of the odontoblasts and the production <rf secondary 
dentine either by the survivors or by other cells in the neighbourhood. The 
secemdary dentine acts as a barrier and protects the pulp from farther injury 
by the dead tract of primary dmitine. 

Typical examples of these reactions und«r shallow experimental oayiti^ 
in the teeth of monkeys are shown in fig. 7 b, 7o and 7d. In each case four weeks 
had been allowed to eliqne between catting the cavities and killing ^ aounal. 

Fig. 7Btiu>wsthe leatrf severe reaction. The iajustri 
at B and a small deposit of secondary dentine (S) kiu fon^ The bdonto- 
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blasts «re distorted and ineguiar in shape. They have lost their fibrils and 
some are degenerating, but the majority show regenerative changes with 
cytoplasmic processes stretching out in all directions, towards the neighbour* 
ing cells as though the odontoblasts were taldng up their new orientation. 
They are greatly reduced in number, many having died and disappeared as a 
result of the injury. 

Fig. 7c shows a more severe disturbance. The odontoblasts are still further 
reduced in number, and show the same degeneration followed by regenerative 
changes. Small vacuoles appear between them which are presumably due to 
an exmlste lymph. Numerous new capillaries are seen growing down into the 
damaged area to assist in the process of repair. The result of this more severe 
disturbance is that no secondary dentine has as yet formed, and indeed the 
normal odontogenetic zone (Og, fig. 7a) of the primary dentine has disappeared. 
Lime salts are, however, being deposited in the ends of the injured tubules and 
some collagen fibres (D) are seen preceding secondary dentine formation. 

Fig. 7d shows the complete disorganisation of the odontoblast region under 
a similar peripheral lesion of the dentine. The odontoblasts have almost 
entirely disappeared, together with the odontogenetic zone of the dentine, 
and are replaced by a mass of red blood cells and roimd cells with occasional 
pol 3 rmorphonuclear leucocytes. The dead primary tubules are blocked with 
lime salts, but there is no attempt as yet to lay down secondary dentine. 

In each case these disturbances in the pulp are extremely local and are 
confined to the tissues immediately under the injured tubules, so that it would 
appear that a peripheral injury to the dentine not only results in the death of 
the injured tubules but also causes a reaction in the pulp resulting in the 
local destruction of some of the tissue elements followed by the usual pheno- 
mena of repair modified to meet the peculiar circumstances of the part. 

l%e end result of all these changes is a boss of secondary dentine such as that 
in fig, 1 with A layer of normal odontoblasts adjoining it, surrounded by nonnid 
pulp tissue but with a reducticm in the number of odontoblasts at the site of 
the lesion depending upon the severity of the original reaction and determining 
the number of tubules jn the secondary dentine. 

A feature of some of these reactions to peripheral injiny of the dentine is tim 
appeanuace of hu^ oval cells twice tiie diameter of the normal odontoblast 
showing a w^d^ned nucleolns in a delicate tracery of dixomatin (fig. 8 a). 

iheae oeiOa ue exactiy like certain connective tissue cells n^mally present 
in the pn^ that they tend to stain somewhat more definitely in their 
new ntuatlhmi in a fu^developed toolh^^ra^ cells are only found belund 



E. W.Fish. 


tlie odcmtobkst layer in the general palp tinoe, but in aome oaaes of injury to 
the dentine, especially when all or nearly all of the odontoblasts have dis> 
appeared, these cells come to lie at the developing edge of the secondary dentine, 
each with its long axis parallel to it. * 

Similar cells are found amongst the odontoblasts of developing teeth (fig. 
8b) and their appearance at the site of development of secondary dentine 
suggests that they may have some definite idle in the productioa of calcified 
tissue by the pulp. 

IV. General Changes in the Pulp. 

Frequently the only apparent reaction to peripheral injury of the dentine is 
the production of secondary dentine with its associated changes in the odonto* 
blast layer, but in 40 out of the first 86 teeth in which experimental cavities 
were cut, hemorrhages appeared in the pulp. These were sometimes slight, 
but often quite severe, and while they generally occurred in the vicinity of the 
damaged tract of dentine, they could also be observed at remote points in the 
pulp (fig. 9, Plate 13). 

When the animal is killed and the tooth sectioned on the day following 
operation, the hamorrhage is already invaded by polymorphonuclear leuco- 
cytes (fig. 10, Plate 13) showing that it must have occurred at the time of 
operation 18 hours before, but sections of teeth which were extracted some 
weeks after operation show that the hamorrhages are not absorbed and that 
no phagocytosis is taking place. The red cells are distorted, but no pigment is 
to be seen and no polymorphonuclear leucocytes. 

On the other hand, the hamoirhages also clearly occurred at the time of 
operation some weeks earlier, because they are to some extent invaded by 
l 3 rmphocytes, although not enough to suggest that they are a serious source of 
irritation to the pulp tissue (fig. 11, Plate 13) 

Control teeth in which no cavity is out do not show these hsMoaorrhages, 
although in normal teeth a minute escape oi red cells &om the vessels has been 
observed occasionally, to which there is no reaction, suggesting that the pulp 
may resemble reticulum and have hssmothigmic properties (Tait, 1927). 

It is not entirely clear why a shallow peripheral injury to the dentine should 
cause hiemorrhages of the pulp, but it is suggested that they are the result of 
mechanical decompression of the pulp following the opening of the tubules# 
It has been found that the more extensive the cavity is in the dentane tim nuoe 
certain the hemorrhages are to occur. A peculiarity of the blood veMels of 
the pulp is that even the largest ones oorrespondmg in lice to arteiybs have 
only an endothelial coat. There is no muscular or fibrous wall. This permits 
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impulses to be conveyed to the dentuud tubules and promotes the movements 
of tissue fluid in the pulp and dentine, and since the pulp chamber is a closed 
cavity except for the minute apical canals there is normally little risk of 
rupture. At the same time the very delicacy of these vessel walls which per- 
mits the transmission of impulses to the tubules would render the vessels liable 
to burst if the hydrostatic equilibrium of the dentine and pulp were disturbed 
by the sudden opening of any large number of the tubules involving an imme- 
diate decompression, and the rupture would the more readily occur if there 
were a reactive dilation of the vessels to injury as occurs elsewhere in the 
body. 

Another less common condition to be observed under experimental cavities 
of the dentine is the invasion of the odontoblast layer by capillaries which 
come to lie between the injured dentine and the odontoblasts {cf. figs. 7o and 
8a.). In this poution the lymph which exudes from the capillaries will not 
only irrigate the surface of the injured dentine but will move past and between 
the displaced odontoblasts, preserving their vitality. Very commonly this is 
associated with a round-celled invasion and the result is a minute mAim of 
granulation tissue. 

Orban (1928) refers to the presence of capillaries in the normal odontobkat 
layw, but while they do occur it is very clear that in the cases where they have 
been observed in iihe odontoblast layer after injury to the associated dentine, 
they are a new growth of capillaries. They are localised to the area of the lesion, 
are unusually numerous, and are distributed evenly along the margin of the 
injured dentine. 

After a few weeks these capiUaries recede and the surviving odontoblasts 
form a reduced odontoblast layer and lay down tubules in the secondary 
dentine. 

Reference has been made to a more severe type of reaction which is observed 
in about 8 per cent, of oases, where the odontoblasts disappear mititely and are 
replaced by a solid mass of round cells into which new oapillaiies are grovHng. 
Two such lesions resembling gpanulomata are shown in the same tooth (figs. 
12 and 13), and in tins case the larger one is breaking down in the oentie and 
tite round cells ei this point surround a coUeotion of polymorphonuolear 
leucocytes, ^ough the rest of the mass consists of lysq^iooytes <m]y. It 
would, titeteftue, be more correct to describe this lesion as a food abscess 
since tikN is very probably infeotimi present at its oentce. 

This reactiim ooGuixed under a 10 weeks' dd injury to the surface of the 
den^M in a monln^k tooth. Bosses cl secondary dentine aitemate with the 
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gtanttlomata and indicate a difference in tbe sev«d^ of the leactwm at diflneiit 
points along the pulp margin under the injured traet of tubules. 

The edge of the dentine itself opposite these gitannlomatoaB masses appean 
to be undergoing a species of absorption. This is not the usual type of absoxp* 
tion by means of osteoclasts such as occurs in ordinary cases of absorptiaa of 
the dentine by the pulp. Nevertheless it is a constant feature of these smaU 
ejqperimental grannlomata of the pulp and also of similar lesions occasionally 
observed in the pulp under natural erosion of the necks of human teeth. 

These grannlomata at the edge of the dentine are completely localised and 
the rest of the pulp remains quite nonnal. 

Finally, it has been observed that a peripheral injury to the dentine may 
produce so severe a reaction that the whole pulp is killed without it having 
been exposed. In these oases, after a week or two, only a mass of debris is 
observed in the pulp canal. 

y. JJisouttioH. 

The observations just recorded indicate that the reaction to peripheral 
injury of the dentine is very siinilar to the ordinary inflammatory reaction 
which follows a superfioial wound of the soft l^nes. 

There are two differences. One is that the reaction in the case of the tooth 
takes place in the pulp and not at the actual site of the injury, and therefore 
the reaction is somewhat delayed and modified by the intocposition of the 
dentinal tubules, along which any irritating foreign body must travel before 
it can injure the pulp. If such irritants are prevented from entering the wound 
in the dentine the reaction in the pulp may be delayed, though generally 
degeneration of the odontoblasts occurs at once and is followed by regeneration 
of a proportion of them and secondary dentine formation. This repr e sents 
simply the reaction of the pulp shutting off an injured tubule, the contents of 
which, though dead, remain aseptic. 

On the other hand, if irritating fluids do enter an injured tubule they may 
cause serious damage to the pulp, and the difference between the two reactions 
is as marked as the difference between a wound healing by first intention and 
one which heals by granulation {op, figs. 7 b and 7l>). 

Hitherto, the only definite reaction to injury of the dentine whkdi has been 
recorded is the occurrence of the taruudncent sone nndor caries, hot this is net 
a constant phenomena and can only be obseryed in tiie very eaxfy istit|es of 
tbe disease when the dentine is mm»ly irritated by tim prosjouty. 
caries or by ejqposiue at the neck of the tooth. 

The tsanslacent soae » a hyperoalcification of the dentins dtie to a deposit 
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lime aalte in the tabulea and it can, therefore, only be psoduoed erhile the 
tabulea are intact and while they are still reoeiTiug a supply of tksue fluid. 
Onoe they ate invaded by the disease, toxic matorial diffusea into them and 
thm contents are destroyed. Any hyperoalcification which may have taken 
place already will remain until that part of the dentine is entirely destroyed 
by caries, but no further vital reaction can take place in it. 

The second important differtmce arises from the fact that one of the functions 
of the pulp is to lay down calcium salts and therefore, the end result td an 
inflammatory reaction in it tends to be the production of a calcified soar, 
that is secondary dentine, rather than the production of fibrous tissue. Never- 
theless, the secondary dentine may be delayed if the injury is very severe and 
a chronic granuloma may take its place, at any rate, for some months. 

A parallel may also be found for the hssmorrhages which take place in the 
pulp when a large number of dentinal tubules are opened, thereby modifying 
the hydrostatic equilibrium of the pulp. Similar hnmorrbages occur in the 
retina when the intra-ocular tension is suddenly lowered by operation, especially 
in oases of glaucoma. 

It would appear from these investigations that, as pointed out by Sir Arthur 
Keith, nature makes no attempt to repair a carious cavity in the dentine, but 
it u clear that an elaborate and efficient barrier is constructed to protect the 
living tisaue of the pulp from contamination by the dead tubules when any 
part of the dentine is destroyed. 

Simmary. 

(1) In earlier experiments it has been demonstrated that when dentinal 
tubules have been opmied to tlie mouth they die, forming a dead tract physio- 
logically out off from the pulp by secondary dentine and from the siurounding 
dentine by hypercaloifioation in the iminjured neighbouring tubules. 

(2) The secondary dentine always exactly corresponds in its distribution to 
the tract of tubules which has been injured, and is a specific reaction ti> peri- 
pheral injury of tike dentine <ftg. 1). 

(S) The baniw between primary and secondary dentine omisists of calcium 
salts sealmg the ends ^ the injured tubules of the primary dentine (figs. 2, 3, 
6, 6, 7* 9 «l|i 19), 

(4) The idUowing reactions are described as occurring in the pulp after an 
sxperiUkentsd to Ihe pttiphe^ 

(o) The odkmtoliias^ injured tubules degenerate and 

nukuy of them die tu^ diMppear remai n de r show tegenocative 
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dentine (figs. 6, 7 wEid ^; ; - ■ 

(ii) The niunbet of tolndeie in the seoonduy dtotine depends on tiue nmilber 
of odontobliurtBwliudisaxviT^^tEe injury. Snonesnrvive, tjMseootd^ 
dentine is hyaline (figs. 6 ni^ 8a). 

(c) An embryonic tj^pe of cell (rftNi appears after a few weeks at tihe devdop* 

ing edge of secondary dentine. It may be a connective tissue cell 
concerned in the production of secondary dentine (fig. 6). 

(d) Hnmorrhages often ooour in the pulp and are probably due to deconot* 
pression. The red cells are not quickly absorbed, but undergo a slight 
round-celled infiltration (figs. 1, 8a, 9, 10, 11). 

(e) If the injury is severe, ronnd-oelled infiltration and invasion of the 

odontoblast layer by capillaries tains place (figs. 7 and 8). 

(/) In mme severe injuries still, nnall marginal grannlomata of the pulp 
appear in contact witii the injured tubules instead of tire normal 
secondary dentine formation (filgs. 12 and 13). 

(g) Death of the pulp may follow the most severe peripheral injuries of tiie 
dentine. 

The author wishes to express his gratitude to the Medical Beseaxdr Ciounoil 
and tile Doutal Board for defraying tiie espenses of these investicpttions. 
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EXPLANAXXOM OF PLAXFS. 

Plats 9. 

Fk>. 1. — ^Photograph of tooth of monkey x 32. Bsperimeutal cavity (0) out 12 weeks 
befon deatjli. Ilw seoondary dmtiM (8) sepacetedfrott tiwpiiinaiy Iqr tiw baadw 
(B) exactly corresponds to the tract of tnbalss iidiixed si 0. Tbsw 
'.',pf.titepnlpxtH.,- 

;i)h,2.---PhotondorQ(^^.ei''to^.ol d^^ cavity 

; X; 644. : 'The deposit ot aitte up the 

dentine 
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wvilS^ X lii^liifed pAmtay Mhi^ «eal«d tht 
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IW. 4.^^hotoimovogimph of tooth of monkey 12 Maelm after cutting the ex|WfiiiieBta} 
cavity X 76. Iho harrier in ficen at A sealing off the primary tubulee and a aeoond 
harrier appears at B;^ 


P1.AT15 10 . 

Knh 5. — Photondorograph x 3tt0 of a ground secticm of a monkey’s tooth 8 we^ ateto 
cutting an expecimeittal oavity, showing the translucent barrier of calcium salts (B) 
and the origin of the secondary tubuks (8). 

!Pia» 6. — ^Photomiorograph of tooth of monkey 4 weeks after cutting the experimental 
cavity X 644. The barrier of lime salts (B) extends into the injured tubuks (A)L 
A deposit of inodilied tubular secondary dentine has formed. The odontoblasts are 
much reduced in number and embryonic in type. There is a round-oelkd inffltratlasi 
^B) el the adjoining pulp tissue. 


P 1 .ATK 11. 


Vio* 7 a. — N mrmai odontoblast layer of monkey for control x 544. (O) odontoblasts* 
(0) capillaries, (Og) odotttogcnettc sone. 

JhO. 7B«--Pliotoiiiksogimpii of a monkey’s tooth 4 weeks aftier carefully cutting a very 
shnUcnr experimental cavity and sedUng it with cement x 544. The odontoUkets (O) 
afb considerably reduced in number, and have d^^encsrated. Some are regpneratsiii^ 
and their cytoplasm is drawn out into line processes reaching out towards neigh' 
bouring eelk. Some secondary dentine (S) has formed and a capillary is seen at 0; 

Pto. 7o. — ^Photomicrograph of a monkey’s tooth 4 weeks after cutting an experimental 
cavity x 544, showing more serkus degenittratioii of the few remaining odontoblasts 
<0). Smne collagen dbres (D) indicate the oommenoeroent of secondary dentine 
formation. Vacuolation (V) may still be seen and the oapOlaries (C) and (0) have 
invaded the odontoblast layer. The odontogenetic zone has disappeared. 

Pio. 7o.*-~P)ibtomkrQgraph of a monkey’s tooth 4 weeks after cuttii^^ an experimental 
cavity x 544. ib» odontoblastB are entirely replaced by degenerating red blood 
corfaisoks(H}fottowiiigahaMnocrhageandan>ui4'0^^ Theodonto^ 

genetic sone has disappiiaied and the injured tubules are seahNl with oakium ialts. 

V ; 
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Fig/Sb. — ^Photomiorograph x ^>44 of developing tooth of 2 da^rs^ puppy. Similar oval 
mononuoleolated celle to those in fig. 8 a mav be seen at M between the odontoblasta 
(O). 

PtATtf! 111. 

Fio. 0.— Higher magnification of tooth shown in fig. 1 (later section in the series) ■ no, 
showing hemorrhages (H and H) invaded by round cells (R). The reduction in the 
number of odontoblasts and consequently also of the tubules in the seoondarx^ dentine 
is very mariced. 

Pho. 10. — ^Photomicrograph x 544 of tuomorrhage in the pulp of a dog*s tooth 18 hours 
after cutting the cavity. The hsemorrhage is invaded by polymorphonuclear leuco- 
C 3 rte 8 only. 

Fio. 11.— Photomicrograph X 544 (higher magnification of fig. 9) showing iuemorrhages 
after 12 weeks invaded only by lymphocytes. There appears to be no phagocytosis 
taking place. 

Platjb 14. 

Fig. 12. — Photomicrograph of monkey’s tooth 10 weeks after cutting experimental cavity 
X 70. A barrier has been laid down at B and bosses of secondary dentine (8 and 
81) have formed. Between and beyond these bosses are granulomata (G) and erosion 
of the dentine has occurred at A. 

Fig. 13.— Higher magnification of fig. 12 X 290. Part of one of the granulomata (G) 
showing degeneration of the round oells and the presence of leucocytes Capillaries 
are seen at (0) and erosion of the edge of the dead tract of dentine has occurred at (A). 
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Exj/eriments on Growth and Inhibitioti. I. — The Increase of 
Inhibition with Distance. 

By R. Snow, M.A., Fellow of Magdalen College, Oxford, (From the Depart- 
ment of Botany, Oxford.) 

(Communicated by A. G. Tanaley, F.R.S. — Received January 23, 1931.) 

IfUroduclion. 

Experiments were recently reported showing that, in young seedlinge of 
PUum sativum, the complete inhibiting effect which the shoot exerts upon its 
axillary buds comes entirely or almost entirely from three or four of its develop- 
ing leaves acting together (6). A single developing leaf was found usually 
to inhibit only partially — ^that is to say, sufficiently to delay the grou'th of an 
axillary bud below it, but not to check it completely. The strength of this 
partial inhibiting effect was measured by the retardation of the outgrowth of 
the axillary buds of the first or lowest leaf, as compared with their growth in 
completely defoliated controls. 

Ck>mpari8on8 were further made of the inhibiting effects of single young 
leaves of equal sizes near the apex in seedlings of different ages and heights, and 
it was found that in very young short seedlings the inhibiting effect was ve^ 
slight or inappreciable, although in seedlings of a height of about 30 nun. or 
more (but still possessing well filled cotyledons) the effect was strong. 

This quite unexpected result seemed of great interest, since it suggested that, 
unlikely though it may at first appear, the inhibiting effect exerted by the 
young leaves upon an axillary bud may actually be increased by a longer 
stretch of stem intervening between them. None the less, as was pointed>Qut 
at the time, the results did not by any means establish this. For the taller 
seedlings were also several days older, so that, besides possessing a greater 
intervening length <A stem, they must have di^ed from the short ones in 
many other ways idso. It may therefore have been oh account of sonw of 
these other differmioes that their young leaves inhibited more strongly. 

The next stop required, therefore, was clearly to determine whether in seed- 
lings of eqaid age iidiibition is stronger when the interveoing length of stem is 
greater, othm ihings being equal. But the provisbn “ other things being 
equal ” is, hezh, one wi^ wlubh it is diffiohlt to comply strictly. The following 

yS 
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«xperiinent, however, comes near to being what is required. Its possible 
sooroe of error will be discussed afterwards. 


Experiments, 

Exp&riment 1. — Seedlings of Pisum sativum (of race Thomas Laxton, as 
in all the experiments here reported) were {^wn in the dark, in deep boxes, 
each containing 25 or 30 seedlings sown at the same time. Wlien their fifth 
leaves had reached a length of from 5 to 10 mm. operations were performed 
upon them for the purpose of comparing the inhibiting effect exerted by these 
leaves upon the axillary buds of the third leaves close below them wtfh their 
efifect upon the more distant axillary bods of the first leaves. The operations 
were of four kinds, so that four groups of seedlings were formed, A, B, C and 
D (see fig. 1 ). In groups A and C the seedlings were decapitated above the 



Fio. 1. — Illustrating experiment 1. The anows indieate die positiaaB of the renaifling 
buds, and of the remaining leaves in A and C. The nodm are numbered in A. 

fifth node and in groups B and D above the third node. Also in aS ^ groups 
they were deprived of their leaves and of the axiflary bads (d Idw shoots unfll 
only the following leavea and axillary buds rcraaiiiBd : — 

In A, the fiifth leaf and the axillary at the first node ; in B, the axillary at 
the first node, but no leaves ; in C, S!hk leid aad the ii«ffi«iy ot the thud 
node ; in B, the t^Uary at the third node, but a« leaves* exiilaries of 



tin oo^^lidQM vMBsiaod, but OMy be diacegkidbd naoe they wemnif 
grew «t »l in My of tbe expeiiaimte ben repeited.) 

The boxM of eeedlinge wen pieced in bright dHhm light in • g ree n - 
house, and after from 4 to 7 days, acoordmg to tenpeiature, the axiilatisR were 
BMastned. Theiatiooftfaeirmemgrowthin AtothatinBservedasameaBnre 
of the inhibition when the intervenifig rtnteh of stem wm tong mid the ratio 
of the growth in C to that in D measured it when the interrening stem was 
ahcwt. The point was, thenfore, to compare these ratios. 

The length of stem between the inhibiting leaf and the remaining axillary 
bud was, in “ A ” from 70 to 106 mm. at the time of operation, whereas in 

C it was only from S to 15 nun., except in one plant in which it was 2S nun. 
During the experiments these intervening lengths of stem usuaQy grew from 
2b to 35 mm. more. The reason for growing the plants in the dark was merely 
that the difiereaoe between the distanom in A and C was thereby made muedt 
greater. The fifth leaves were from 5 to 10 mm. long at the start, and they 
grew during the experiments to lengths of from 18 to 38 mm. They were found 
in preliminary ei^riments to exert too strong an inhibiting ef^t for convenient 
measurement when intact, and they were therefore reduced in size at the time 
of operation, by the removal of both their stipules and of one of their two pinnss. 

From nearly every box of seedlings, some seedlings were selected for each of 
the four groups but it was not usually convenient to use equal numbers of 
jdants for all four. Since, however, the operations in groups A and C were 
performed when the fifth leaves had reached approximately the same size, 
the plants of these groups must have been at practically the same stt^ of 
development or physiological age. Care was also taken that the plants of the 
‘‘ control *’ gitoups B and D should be at approximately the same stage of 
development as those of the corresponding groups A and G, and closely sunilat 
to them in genm»l vigour and in the initial size of the bud to be measured. 

The measurements were usually made after the same times in C and D aa 
ip A and B, but sometames they were made a little later. The reason for this 
was that the thirddeaf axillaties of control group D somethnes grew out slightly 
more slowly than the first-leaf axillaries of control group B, probably because 
they were stighUy leas devebped at the start. It was tb^foie thoni^t beet 
to rdlow, in each batch pknii, the bads of the oMtiel groups B and D to 
pow just oatd they rsaohed jdwiit a ouitiuii OMvenient mem. (iraai 
4>5 to S mnt.). As bom ae the buds in B lenohed abeat tUe lea^i thm 
lengths aete leeocded and «be ttiMe of the bade m tim ontnepon^ng eiqpen- 
mental gtoap A. ShnOii^ is soon ns the D bads readied nbont tins kngthr 
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both they and the C bads were measmed. The growth oi the bnds wat 
reckoned by subtracting from their final length an allowance of 0’76 nun. for 
their length at the start, since in these etiolated seedlings they w^ fairly 
uniformly of approximately this length.* 

The cotyledons remained plump throughout the experiment. Any plants in 
which they became unhealthy were rejected. 

The following results were obtained : — 

In group “ A ” the mean growth of the measured bud, in 24 plants, was 
2*07 mm., with o*, = 0‘213. 

lu control group “ B,” in 29 plants, it was 4*22 mm., with <j„ = O'lH. 

In group “ C,” in 23 plants, it was 3*06 nun., with o,, 0 ■ 187. 

In control group “ D,” with 24 plants, it was 3*96 mm., with o„ 0*163. 
Let the four means be called M^, M,,. The ratio M, : is 49 : 100, 

while the ratio M, : Mg is 77 : 100. Thus the “ A ” buds were more strongly 
retarded than the “ C ” buds. 

For a statistical examination of the results, however, it will Ik; easier to 
compare the difierences -- M, and Mg — M« instead of the ratios. But 
in order that these differences might be strictly comparable, it would dearly 
be necessary that the means in the control groups B and D should be equal. 
For this reason the measurements were in fact made at such a time as to make 
the means of these two groups as nearly equal as possiUe. But even so they 
differ slightly. Mg being the smaller. Let us then suppose that the buds in 
groups C and D had been allowed to grow on until their mean growth in D had 
reached a new value Mg> =» M^. It can be assumed, without risk of mote - 
than very slight error, that the buds of group C would have grown on at a 
proportional rate,* so that their mean growth would have reached a value 

Mt> =z Me X A comparison can therefore be made between the differ- 

Mg 

ences (M* — M,) and (Mg. — M,.). 

Numerically, Mg. = Mj = 4*22, and M*. = 3*06 x 1 *06 = 3*24. 

Mg.-M,. «0*98, 

M»-M. = 2*16, 

therefore 

(M» - MJ - (Mg. - M,.) = 1*17. 

The standard deviations of M« and Mg must also be multiplied by M*/Mg, 

• The eaaw i imnmp tion would lesBy be impliti if the ratios of the metes ^we eom^tred, 
since otherwise it Would not be justifiable to oompue them at « tinie wften ]f» and Ms 
wen' not quite- equaU - 
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a (M,.) = «(M,) X 1-06 X 0*19, 

(T <Mj.) = o (M,) X 1 -06 = 0-173. 

Then 

= Vo® (M„) -t- o* (M») + (T« (M,.) + o*.(M,,) = 0-356. 

Therefore the difference between and M*- — M,- is 3-29 times its 

own standard deviation and fully significant. 

It appears therefore that in the plants of group A, with much greater inter- 
vening length of stem, the axillary buds were more strongly inhibited than in 
those of group B. It will be considered below whether any other interpretation 
i.s possible. 

In the following earlier experiment (experiment 2) apical buds were used 
instead of single leaves to provide the partial inhibition. Otherwise the 
arrangement was the same as in experiment 1, except that, by an oversight, 
the plants of control group B, with first-leaf axillaries remaining, weie de- 
capitated above the first leaves, whereas it would have been more strictly 
correct to decapitate them above the third leaves, as was done in experiment 1, 
in order to make them similar in this respect to the plants of control group D. 
Reasons will, however, be given below for conridering that this difference did 
not affect the results. 

The leaves in groups A and C were removed up to the sixth leaves inrJusive 
when these were between 2 and 4-5 mm. in length — usually between 3 and 
3-5 mm. Consequently the largest remaining leaves of the apical buds (the 
seventh) must have been of a mean length of about 1 - 26 mm., and the axillary 
buds below grew out, but were stUl partially inhibited (see (6), p. 360). The 
seventh leaves were removed in tnm if they reached a length of about 3 or 
4 mm. before tibie end of the experiment. Etiolated seedlings were used, as 
in experiment 1, though sometimeB they were grown in light for llie first 
few days, before being pnt in the dark4 After fhe opmtions they were placed 
in diffuse light as in experiment 1. In several of these etiolated seedlings, the 
young leaves, from the seventh upwards, were found to grow very slowly. 
This ififilotdty was met by rejecting rdl plants in which the seventh leaves failed 
to rea<h a length of 2*76 mm. or more during the experiment. 

^e length of stem between apex imd axillary bod at the time of operation 
varied in A hcom 70 to 170 mm. and in C from 14 to 42 mm. This great 
variatum m stem length was imdmbly due to the faot^^t^^ some of the batches 



o{ seedlings were put in the dark at an earlier stage thMs others. During Hw 
experiment the stems usually grew between 25 and 40 mm. mote. The 
cotyledons remained well-filled throughout. The resrits obtained were ae 
follows : — 

In “ A ” the mean growth of the remaining axillary bud, in 16 plants, was 
1*77 mm., with 0*171. 

In “ B,” in 26 plants, it was 4*43 mm., with = 0* 193. 

In “ C,” in 22 plants, it was 2*95 mm., with a„ — 0*136. 

In “ D,” in 26 plants, it was 3*74 mm., with a„ = 0*280. 

The ratio of the means in A and B is 88*5 : 100, anil of those in C and D, 
78*9 : 100. Thus again the “ A ” buds were more strongly retarded than 
the “ C ” buds. Indeed the difference between them is greater than in 
experiment 1. 

A calculation made in exactly the same way as in experiment 1 shows that 
the difference between the retardation of the “ A ” buds and that of the “ C " 
buds is 4*22 times its own standard deviation and thus fully significant. 
Again, therefore, inhibition appears to have been stronger in the plants with 
greater intervening length of stem. 

It might, however, be objected that in experiment 2 the plants of control 
groups B and D were not strictly comparable, since, as already mentioned, in 
B they were decapitated above the first leaf instead of the third. It might, 
therefore, be suggested that if they had been decapitated above the third leaf, 
and so had retained a greater length of mature stem above the axillary buds, 
the buds might for some reason have grown out less rapidly ; ami if so, then 
the difference — M,, would have been diminished. 

In order to test this possible objection, the following experiment was pw- 
formed (experiment 3). Etkdated pea seedlings at about the same stage of 
development as those of experiment 2 were defoliated, defnived of all axiSary 
buds except those of the first leaves and decajHtated either (a) above the first 
leaves, or {b) above the third leaves. They were then ptaoed in diffuse %ht. 
The length of stem that remained above the axillary bud was greater by dhout 
100 mm. in (6) than in (a). 

After 0 days, the mean growth ai the axUlarim in (w), in 16 plants, wasJl- 73 mm. 

0*087, while in (b), in 10 ^aats, it was 3*78 iam. 0*128. TlmdiiacMma 
bdween fhe means is very smafi and not nearty sigBifioant. Thri« 
iH> evidence that in seedUngs deoa;i^tated above fiw tiifed leaf^^ 
of the first leaves grow out any less rapidly than in thole 
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tbe dati iMvee, and the ohjeetien to expoimeiit 2 eoMidered above gate m 
eupport. 

The results of exporiments 1 and 2 agree therefore with those reported 
previously in showing that axillary buds are inhibited iBC»e strongly when 
there is a greater length of stem between them and the inhibiting members. 
-\nd further, in the present experiments this difference cannot have been due 
to greater age of the plants with greater length of stem, for the plants compared 
were of the same age. But it may still be objected that, none the less, the 
axillary buds measured in groups A and B being those of the first leaves, were 
okler by about a week than those of the third leaves measured in C and D ; 
and that the older buds may be for some reason more susceptible to inhibition. 
This suggestion would not indeed be very plausible and the writer knows of no 
evidence tending to support it. Moreover, it must be noted that actually the 
axillaries of groups A and B seem to have been, in a general way, slightly more 
vigorous than thoa<i of C and 1). For, as the results show, the axillaries of 
control group B, with no inhibiting leaf, grew slightly more than did those oi 
control group D, although (an explained almve) the mean times after which 
the axillaries were measured were slightly less in A and B than in C and D. 
When, therefore, it is consideriHl that in both experiments the buds in group A 
were much more strongly inhibite<l than those in group C, it seems extremely 
unlikely tliat the results are to la* explained as due to the idightly greater age 
of the A buds. Bnch an explanation is. however, theoretically possible. 

Another way of testing the stem-length effect is to compare the strength of 
inhibition in seedlings grown in light with that in tall etiolated seedlings. 
This experiment is t^n to the objection that the plants compared will differ 
not only in length of stem, but also in their general physiological condition 
and in that of their leaves and buds. None the less, since the experiment in 
simple and obvious, it seemed worth while to carry it out. It was arranged 
as foQows. 

Bscpermmt i. — ^Pea seedlmgs of the same race, as b^ote, were grown in 
light, in the gceenhousc, and were operated upon in exaotiy the same way an 
the etiolated plantsiof groups A and B of experiment!. Tfaetwpceneq^dkig. 
gtoi;^ in pmsant ea^nciment wM! be odled E and F. The fifth leaven were 
from fi'S to 10'S mm. in length; nt the atari of tiie e^gpeenneot and from 20-9 
to Sfi'ff mra. nt the end. were thenMoce of r^prmdmnt^ir tba aanae aiaa 

thomiilhiMt ts^^m But the lengtbi of stem mtenmuag faetw^ 

to S2 mm. aAMw 

mm. at tlm end, and wem, ther^me, mwfii less than hk 
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gtoaps A and B of expmment 1, though considerably greater than in groups 
G and D of that eiq»eriment. The cotyledons remained well filled all the 
tnae. 

The following results were obtained : — 

In “E,” the mean growth of the remaining axillary, in 30 plants, was 
2*92 mm., with a„ — 0- 180. 

In “ F, ” the mean growth in 30 plants was 4*37 mm., with a„ — 0*101. 

The ratio M, : My is 66*8 : lUU, whereas in experiment 1 the ratio M, : 
was 49 : 100. Thus the “ E ” buds of this experiment were leas strongly 
retarded than the “ A ” buds of experiment 1. 

A calculation made in the same way as in experiments 1 and 2 shows that the 
difference between the retardation of the “ E ” buds and that of the “ A ” 
buds of experiment 1 is 2*41 times its own standard deviation. There is, 
therefore, a probability of about 60 to 1 that it is significant, and omisequently 
that in the plants grown in light, with shorter intervening Imgth of stem, the 
buds were inhibited less strongly than the corresponding buds in the tall 
etiolated plants of experiment 1. 

So far as they go, therefore, the results of experiment 4 support those of 
experim^ts 1 and 2. They are, however, as already pointed out, open to the 
objection that the plants compared differed in other respects besides in their 
length of stem. Consequently the value of experiment 4 as evidence for the 
stem-length effect is very much less than that of experiments 1 and 2. 

In another experiment (experiment 5) comparisons were made of the 
intensities with which a developing leaf inhibited several bods at different 
distances from it in the same plant. Pea seedlings were used which had been 
decapitated in the epiootyl when very young, so that the axillary buds of the 
cotyledons had grown out and formed two new shoots. They were grown in 
diffuse light, and those were selected in which the two shoots were nearly 
equal or not very unequal. The longer shoots of each plant were decapitated 
above their fourth leaves, when these were in the st^^e of rapid development, 
being from 5*5 to 14 nun. long, and at the same time the shorter shoots wore 
decapitated above their second leaves, which were dready mature (see fig. 2). 
The axillary buds of the two lowest leaves of each shoot were allowed to remain ; 
those on the longer shoots will be called LI and L2, and those on the,ihoriier 
shoot 81 and 82. The higher axillary buds of the kmger dbioote wwre removed. 

The object was to note the order in which the four remaint^ Imds vtould 
grow out, and hence to discover how the stroigth of #te inMntao^ 
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from the young fourth leaves would vary at different dietances as it travelled 
down the longer shoots and up the shorter ones. During the first few days, 
a little inhibition must have come from the 
third leaves also, which were still growing, 
but the first and second leaves of both shoots 
were already full-grown at the start, and it 
was shown previously (6) that in Pisum full- 
grown leaves do not inhibit. The fourth 
leaves were deprived of one pinna and both 
stipules since they were found to inhibit too 
strongly for convenience when inta<^t. 

The figure shows that the distances from 
the fourth leaves to the buds increased in 
the order L2, LI, 81, 82, and this was found 
to be also the order of priority in which the 
buds most often grew out. In detail, the 
results were as follows. 

The number of plants operated tipon was 
36, and amongst these L2 grew out first 
28 times, equal first with LI once, and 
second to LI seven times. 

LI grew out before 81 35 times, and 
equally with 81 once. 81 grew out l>efore 
82 24 times, and after 82 12 times. 

There were no double reversals of the 
usual order — ^that is to say that 81 never 
grew out as soon as L2, nor 82 as soon as LI . 

It is of interest to compare ako the times taken by the buds to reach some 
conveniently diooen length, say 2*5 mm. The means of the times taken to 
reach this length were 6*27 days for L2, 6*72 days for Ll, and 9*42 days f^ 
81 Of 82, whichever grew the sooner. 

Before interpreting these results, it is necessary to compare the rates at 
which sinnlar buds grow out when no developing leaves are present. Accord** 
ingly (ejq>eriment 6) 29 other shoots springing from the axils of cotylc<ionS| 
roughly similar to tiie longer shoots of experiment 5 and grown under the same 
coiididonii were deoi^itated above their mature second leaves as omtrols. 
Only one of tl^ was left on each plant. Of the two axUlary buds ^ 
eadi shoot, bud (1), the lower one, grew out first 14 times, 
equally with bud (2) 4 times and after bud 



Fig. 2.-- IHufitratiiig experiment 6. 
Explanation in text. 
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1Sh«aw«B vftloM the growth of tlw iHidB, ii4iok iraie iMaiBmd after tiMM 
vuj^ringiromStoSdaye, but naturally after the aunetisM in eaeh plkiit, wete, 
forbud (1)3*517 nun., and for bud (2) 3* 403 nun. Thus Ike difeiMUo between 
the rates of outgrowth of these two buds is very slight, if any, when tkeee are 
no developing leaves. Such slight difierenoe as was fenad was in lavew of 
bud (1), but it is not significant. 

ft is therefore clear that the fact that in experiment 5 L8 usually grew out 
before LI, must have been due to the effect of the young developing fourth 
leaves. For even if, on the basis of the controls, the chances of growing out 
first are taken to be equal for the two lowest buds of these shoots whmi no 
developing leaves are present, then simple calculation shows that the ezeess 
of the number of times in which L2 grew out first (that is, 28 timee ou^ 36 
instead of 18 times out of 36) is statistically fully significant. 

The difference in mean rate of outgrowth between LI and 81 was muefa 
greater still. It was indeed so groat, tliat it can hardly be doubted that it is 
significant and due to the presence of the young fourth leaves on the longer 
shoots. For except as regards their distances from these leaves, the Imds LI 
and 81 were similarly situated, being corresponding buds on shoots of the 
same age, though admittedly the shorter shoots were less stnmgly dev^oped 
than the longer ones. 

On the other hand, the difference between the rates of outgrowth o£ 81 and 
82, as shown by the greater number of priorities of the former bud, is not 
statistically significant, though it is su^estive. 

The results thus show that the young developing leaves altered tito relative 
rates of outgrowth of the buds in such a way as to give to L2, the bud nearest 
to them, an advantage over LI, the next bud, and to Ll an advantage over 81 
and 82. Yet at the same time these leaves were retan^ng the growihi of all 
the buds ; for even L2, the most rapid of them, grew out very much less nqpi^y 
than the buds of the control plants of experiment 6 whidi had no devsleptag 
leaves. It therefore appears that the young kavea inhibited least BlioB|^y 
the L2 buds, which were the nearest to them, mcnw stronf^y ^e Ll bmls, and 
most strongly of all the buds 81 and 82 on the ot^ tiioots, whkdi wets 
futhest away. Thus once more it appears that tibe strength of hdiflbition 
increased with distance. 

For the present, however, only the behaviour ot tiie buds Lfi pad M 
be eoBsidend to be evidmace for the increase of mh»kitio» *alk dhiaiMiie. Jkr 
when Ll is eompared with the buds on the shmtcr aliMita, SI uad 0 S» i Iwt 
to be remen^MMd that in tiw tiuxrter shoots khiltilwn i^ 
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Ami it w poanMe tlwt nhea inliibitaon croaMw 0 ¥«r in tiiia maaner from oee 
ilioat into aaetber, its elfectivenem may thereby be eomehow inoreaeed. This 
pewit wifi be oonsidered bter in the light of B(«ie other experiments. The 
reascm for perfennaig tiiis experiment on. plants with two shoots was that it 
was h^ed to dnoover, by otmiparing the growth of Si and 82, whether inhibition 
iwseaees with distanoe when acting upwards as well as when acting downwards. 
Aetnidly difference found between Si and S2 was not statisticafiy significant. 
Bert ^ey were both so far distant from the inhibiting leaves, that the difference 
between their distances was relatively small. 

The results already reported all tend to show that the strength of inhibition 
is made greater by a greater intervening length of stem, and some of them, 
those of en^runents 1, 2 and 5, could not at all plausibly be ex|dained in any 
other way. Account must also be taken of some results obtained by Child 
((1), p. 292, and (2), p. 158), when performing the experiment of isolating 
axillary buds of Pkawaltu from inhibition by placing round the stem above 
them a oml of tubing in which water at low temperatures, between 2'^ and 6’’ G., 
was circulating. He found that at the higher temperatures, e.g., 4° to 5° C., 
^e oocded zone did not always release the buds below from inhibition, and that 
the farthw away it was from them the less effectively did it do so. “ These 
facts,” he writes, ” suggest that with the higher temperature the inhibiting 
factor is not com^tely blocked, and that in the normal piwts of the stem below 
the cooled zone it gradually recovers its normal intensity or effectnreness.” 
Hb ahe points out, however {loc, eit.), the possibility of another (not very prob- 
able) exfdaaation, and in a recent letter to the writer he has been so good as to 
eqriain his views further. In this he states that he regards still a third 
e^qdanatkni as possible, that is, that when the tubing is placed farther away 
from the buds and consequently hi^er up the stem, it surrounds a part of 
the stem which may be for some reason less susceptible to the effect of cold. 
It is ^ns certaiuly possible by means of such an assumption, to explain 
f^dd's residts ctherwise than as showing an increase of inhibirion with leng^ 
of stem. None the less, as he points out, they distinctly suggest that there 
is such an increase, and to this extent therefore they support the results bwe 
reported. Child considered, indeed, that the increase of inhibirion with 
distaiioe, if it was genmne, took place as a recovery or return to normal strength 
altsr inhibition had been somehow diminished, as far instance in passing a 
obolcd Moe. But, lor MSHMms tiiat wifi be made clear below, it is probdide that 
tribes )^»ec quite gencraHy in intact ahoots also. 

' pointmg in the amne direction, are 



ooBsidered together, there seems to be no room for doubt that the strength 
of inhibition really is increased by a greater intervening length of stem. It 
remains, however, quite possible that J;he increase may continue onty until 
some certain distance is reached, and then cease. This conclusion, which may 
at first seem surprising, will be briefly discussed at the end of this paper. 

But first it will be shown that as soon as the increase of inhibition with 
distance is recognised, it becomes possible to explain very simply a well* 
known fact that had previously remained quite imexplained — ^that is, the fact 
that as a rule axillary buds grow at first until they reach a certain length, 
. about 1 mm. in pea seedlings, before they are stopped by inhibition. From this 
it might at first appear that in their youngest stages the buds are for some 
unknown reason not susceptible to inhibition. This, however, is not so, as 
the following experiment will show. 

Experiment 7. — Six pea seedlings, about 45 mm. in height, were decapitated 
above the third leaves, which were already mature, and all visible buds were 
removed from the axils of the three remaining leaves. For this purpose, it 
was necessary to remove from the first and second axils the second smaller 
bud also, which is regularly formed beside the chief axillary bud. Six othw 
seedlings, of the same batch, were similarly deprived of all visible buds in the 
axils of the three lowest leaves, but wwe left otherwise intact. 

After 4| days, it was found that in all the six decapitated seedlings, new buds 
had been formed in the axils of tbe first leaves and had grown to lengi^ from 
2 to 3 mm. Also in four of these seedlings, new buds, rather smaller, had 
been formed in the second axils, and in four they were found (slightly smaller 
again) in the third axils. Meanwhile in the six seedlings with intact main 
shoots, no visible new buds had appeared in any of the three lowest axils, 
except in one seedling, in which one very small bud, of about 0*25 mm., was 
found in the second axil 

After 12 days, in the six latter seedlings, most of these axils were still wititout 
visible buds, though in some of them very small buds, of about 0*26 mm. 
had appeared. Meanwhile, in the decapitated seedlings, many of the new 
axillary buds had grown to leafy shoots up to 80 mm. in length. Another 
similar experiment gave similar results. 

These experiments show that in seedlu^is with intact main shoots, if the 
buds are removed from the axils of mature leaves, new buds aitl fexintd in 
them only extremely slowly or not at all The reason for this is dearly that 
th^ are inhibited by the apical region of the shoot, sinne in the oomsjpottdtng 
axils of decapitated seedlings new bods are formed rapidly and grow out, 
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It i8 thus clear that axillary buds are susceptible to hnliibition in their youngest 
stages, just as at other times. 

If now one considers again the seedlings with intiict main shoots, one sees 
that though the formation and early growth of new buds in their lower axils 
was strongl)' inhibited, yet, .since the apical regions were growing normally, 
buds must have been appearing in the axils of the young leaves near the apex 
in the usual way, as was indeed observed. It therefore appears that in these 
shoots inhibition was again stronger at greater distances from the apex, and 
weak or absent at short distances. Such, at least, is the most simple explana- 
tion of the facts, which thins constitute another piece of evidence tending to 
show that the stem-length effect is genuine. 

In the light of the last experiment, it is now sufficiently clear how the early 
growth of axillary buds in normal intact shoots is to be explained. They are 
normally formed in the axils of the youngest leaves of the apical bud, and are 
therefore for some time so close to the young rapidly developing leaves near 
the apex, which are the inhibiting members, that they cannot be inhibited by 
them. For some time, therefore, they are able to grow. But soon, through 
the continual growth of the apical bud and main shoot, they are jwssed liaek 
from the apical bud to distances farther and farther below it. As soon, 
therefore, as they become separated from the developing leaves near the 
apex by a sufficient length of stem, they are inhibited by them and grow no 
more. 

It is natural to enquire at what distance from the apex inhibition begins to 
act effectively upon the axillary buds. The buds in the axils of the third 
leaves in experiment 1 had mostly reached very nearly, but not quite, the same 
sixe as those in the lower axils at the start, and they were at distances from 5 
to 15 mm. below the young fifth leaves, which still formed part of the apical 
buds. Hence it may be estimated that at a distance of 15 mm. below the apical 
bod, the axillary buds have usually ceased to grow. But it does not follow 
that this is the distance at which inhibition first acts effectively upon th^m, 
for it is probable that some time elapses between the date at which inhibition 
begins to act effectively upon them and the date at which they cease to grow. 
Ocmsequently it can only be said at present that inhibition begms to act 
effectively at some distance not greater than 15 mm. and probably less. 

When it is recognised that the strength of inhibition increases with distance, 
some light is thrown also on the question raised by Ghdd and Bellamy ( (3), p. 
265) how it is that the apical bud, which inhibits othor buds, does not inhibit 
itself aJsp, or, to apeak more strictly, does not inhibit itself completely, for it 
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is l^at some parts of afHcal bad nuiy vBkard otinr parts of it to 

some d^iree. This question is really complicated and mvolTes several olaaeiy 
ralatad questmais which it is prcqacsed to oonskier in another paper. Here, 
however, it may just be pointed out tiiat «nce the apical bud inhibits axiSary 
buds tbat are about 20 mm. distaat less strongly than those that are four times 
further away or more, and since it inhibits those that are still closer less strongly 
again or not at all, it is p^ectly in keeping with these facta if it hahibits avdy 
slightly or not at all that bud which is the closest (d all to it, that is, itself. 


DitcmaioH. 

The conclusion that the strength of inhibition increases with the length of 
intervening stem, for a considerable distance at leart, is oertamly at first 
surprising. In particular it may at first seem to be inconsistent with the 
conclusion drawn from earlier experiments ( (4), experiment 8, and (5) ) that 
in the transmission of inhibition the movement of a scdnble substance formed 
.by the inhibiting parts is somehow involved. Certainly it makes it difficult 
now to suppose that the transmission of inhibition consistB amply in the move* 
ment of an inhibiting substance from apical bud to axillary. But the direct 
conclusiou that followed frcnn the earlier experiments was merely that one 
etage in the transmission of inhibition is the movement of a soluble substMice 
away from the apex and towards the axillary bud. And this conclusion is not 
incompatible with the present results ; for it remains possible that the whole 
process of downward tranamission may be complex aitd comprise other stages 
also, as was clearly pmnted out previously ( (4), p. 857). And one of these 
other stages may be responsible for the increase of inhibition with distance. 

Moreover, not only may the downwardly transmitted eSect be itself conq>l«x 
but even if it is not, it may check the axillary buds in some way that is qnito 
indirect. For instance, it may check them by modifying the conditions in the 
main shoot in some way that is unfavourable to their grourth — perhaps by 
somehow causing some growth — promoting substances to flow up the shoot to 
the apical region and to accumulate there in higher concentration than lower 
down. A similar possibility was indeed considered previously ( (4), pp. 866- 
867). It would follow that the conditions would be less and less favoarabie 
for the growth of axillaries, the farther distant fbey were from the apex. This 
suggestion is dearly quite different from the dd and often cdtioised lhemry ^at 
the inMiiition of axilhunes is somehow dueotly dae to the cmunatp^on ol 
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wtddli would lead one to expect that the axillaries neamt to the apical region 
would be the most strongly inhibited. 

When the various possibilities are considered, it can be seen that the increase 
of inhibition with distance is far from being incredible. But farther discussion 
of it will be postponed until the results of certain other experiments have 
been reported. 

Summary. 

(1) In etiolated decapitated pea seedlings, single developing leaves inhibit 
axillary buds that are from 70 to 100 mm. below them more strongly than 
similar leaves in similar seedlings inhibit buds that are only from 5 to 15 mm. 
below them. 

(2) Similarly apical buds, whose inhibiting effect has been weakened by 
removal of their outer leaves, inhibit axillary buds that are from 70 to 170 mm. 
below them more strongly than similar apical buds in similar seedlings inhib it 
those that are only from 14 to 42 mm. below them. 

(3) In decapitated pea shoots, the effect of single developing leaves on two 
axillary buds at different distances below them is, that while they retard tiie 
outgrowth of both buds, they retard the more distant bud the more strongly. 

(4) It is concluded that the strength of inhibition increases with increasing 
length of intervening stem. 

(6) It is pointed out that axillary buds normally grow to a certain length 
before they ate stopped by inhibition, and it is shoMm that, none the less, they 
are susceptible to inhibition during their early growth as well as later. 

(6) It is concluded that the axillary buds are at first not inhibited because 
they are too close to the developing leaves in or near the apical bud. They 
therefore grow until, through the growth of the main shoot, they reach a 
distance below the developmg leaves at which inhibition is strong enough to 
stop them. 

(7) The interpretation of the increase of inhibition is briefly discussed. 
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The Combinatian Curves, Hydrvgen Ion regulating Power and 
Dissociation Comtants of Gdatin. 

By E. B. R. Pridbaux. 

(Communioated by F. S. Kipping, F.R.S. — Received January 6, 1931, — 
Revised February 11, 1931.) 

The existing titrations of gelatin with acid and alkali have been found to 
refer mainly to solutions containing approximately 1 per cent, of the dry 
material, while the few titrations in U-l per cent, solutions are not in agree- 
ment. A series of titrations with alkali at both concentrations of gelatin has 
been made with a view to deciding whether the combining weight is really 
affected by the concentration. From the ooUected data, the combining or 
equivalent weight has been calculated by a new method based on the theory 
of bufier mixtures, and incidentally, the buffer capacities at the different 
concentrations have been determined. The equivalent so found has been 
compared with those which have been deduced by other methods. The 
equivalentsof the 1*0 percent, and 0*1 percent, solutions in the alkaline range 
have also been calculated by another method using constants, and found to 
differ from one another. The equivalents as acid and as base have been 
deduced in various ways from the combination curves and also from the 
cleavage products, and these acid /base ratios have been compared. Finally 
by treating gelatin as a simple amphdyte, apparent oonstuits have bemi 
calculated both on the undissodated molecule or older and on the “ amphoteric 
ion ” or newer theory. 

Although gelatin is undoubtedly amphoteric in its nature, yet its. curves of 
combination (pa plotted against x ss added acid or alkali) differ greatly itom 
those of simple amino-acids such as glycine, as is easily seen by comparing the 
types which have been portrayed by Harris {192S, 1925, 1930). 

Glycine has a minimum buffer capacity around its isoelectric point (pi) 
which is calculated to be 6* I in the usual manner from pKj, = 9*76 (negative 
esponent of acid constant) and pK^ — pKg s 2 * 43 (pK^ ^ negative exponent 
of basic constant). The curve runs sharply here through several powers iff 
(Hr), on the addition of minimal amounts of add and alkali GdatiUj (m 
the other hand, has a ^noarimum buffer capacity over a nmge which itxdydaa 
tile pi, 4*7. A knowledge of individual dissooiaticm oohftants is not iW(|ttirod 
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in tbe oaloulctioQ of tracer oapooity since this is simplj' detennined from liie 
slope of the curve, being, in fact, proportional to its cotangent, Aas/Apa. •* 
plotted in the hgure. Any buffered portion can be reproduced by one constant, 
which may be considered either as acidic or basic. From this point of view, 
gelatin can l>e treated as an acid having pK^ in the neighbourhood of the pi, 
e.g., at pq = pK = 4 - 5. Moderate variations in the volume of the solution do 
not appreciably effect the acid and alkali requirement (hydrion or hydroxylion 
error on Bjerrum’s theory) provided that the p^ lies between 3*5 and 10*0. 
Therefore the buffer capacity of 1 g. of gelatin can be defined without specifying 
volumes, as is shown by the substantial agreement of the middle parts of the 
curves referring to the two concentrations. 

Buffer GapaeUtf and Equivalent Weight. 

If Av denotes the number of molecules of 0 ■ 1 N acid or alkali added to 1 g. 
of gelatin in solution at about pi{ = 4*5, then, by measurement from 
the graph, Av/Apa — 3*9. If Ac = equivalents of acid or alkali, then 
At» — 1 X 10~* Ac, and Ac/Apa = 3*9 x 10~^. 

In the general theory of buffer mixtures (Clark, “ Determination of Hydrogen 
Ions,” chap. II) it is proved that da/dpa = 0*576 at the point of half neutralisa* 
tion, when a degree of neutralisation — 1 — a. If c denotes the equivalent 
concentration of acid or alkali and of the gelatin, then da = dc/c and dejdp^ 3 = 
0*676c. Thus for a 0*1 N electrolyte, dc/dpa = 0*0576. This value is 
naturally much greater than that found in the case of 1 g. of gelatin. Its 
normality, considered as a monobasic acid is 3*9 x 10'‘*/0*576 = 6*78 x 10"*. 
The equivalent weight is therefore 1470. Gelatin could be replaced, so ^ as 
buffet actiqu is concerned, by an acid having pK = 4*5, and this equivalent 
weight. 

The results of the titration of gelatin by various investigators have been 
reduced to a uniform standard laid down by Loeb and others, ».e., number of 
ml. of 0*1 N acid or alkali added to 1 g. of originally isoelectric gelatin. These 
volumes where necessary have been corrected for ‘add’ or ’alkadi’ bhmk 
aocozding to the tables published by Harris (1923) or Atkin uid Dou{^ 
(1924). The figure contains the results of Loeb, ” Proteins and the Theory of 
(Middbl Behaviour,” chap. IV, Table 1, corrected further for add blank, of 
Aitkih and Douglas (loc. e»t.), of Simms (1923), and of Jermolenko (1929). 

The titsations of Loeb and Atkin and Douglas were carried out with hydrogen 
elsetnids, the latter referring to a temperature 24° or 25°. The other half 
WM a^s^^ oalcnnel electrode. Simms also used a hydrogen 
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electrode. HiBieBultaareexpieseedmanunusiialmaDneraad wlieainiiltiilied 
by 4 appear to be converted to the present standard. The investigation of 
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oiN.HCl ► oiN.NaOH 

The oombination of 1-0 and 0*1 per cent, gelatin with aoid and alkali. 

K K Loeb, 1 per cent, in acid solution from table, corrected by aoid blank 
and from smoothed values. Loeb 0*8 per cent, in alkaline solution from graph. 
• • Atkin and Douglas, 1 per cent, w la Simms, !• 26 per cent. ♦ ♦ Jermolenko. 
0*1 per cent, with indicators. + Author, 0*1 per cent, with hydrogen electrode. 
\ N Mr. F. O. Howitt. 

Jermolenko (1929, loc. eit.) was mainly concerned with surface tension but also 
furnishes titration values of a 0*1 per cent, gelatin solution, in which the 
hydrogen ion concentration was determined by indicators. When corrected 
to ml. acid or alkali from the pi and reduced to the same standard, these 
results are seen to deviate widely in some oases from those in the 1 per cent, 
solutions. In particular, the diminution in alkalinity of the sodium gelatinate 
solutions appears to be too great to be due to reversible hydrolysis alone. 

This part of the curve was, therefore, detennined, and in the following 
numner. 

Experimenud. — ^The gelatin, prepared according to the method of Loeb, was 
nmilar to that described in a previous communication, Prideaux and Howitt 
(1929). 5*3 g. of a stock solution which contained 0*1 g. of dry gdatin was 
liquefied and made up to 100 molecules with distilled water tree itmu OOt* 
Titrations with 0*0796 N alkali were carried out by means of a d^qpanghydiogfSi 
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dfiotiode ; tke otbfir half-oell being a satuzated KCl calomel electrode. Tbe 
cells were immersed in a thermostat at 25° and connected by salt-bridges of 
saturated KCl and agar. This combination was placed in series with, and in 
opposition to, a cadmium cell, and the e.m.f.’s were read on a Cambridge 
potentiometer. The cadmium cell was checked at frequent intervals against 
an N.P.L. standard. If the working standard showed 1*0182 volte on one 
day, then the normal potential (H = 1) of the whole combination was 1 *0182 — 
0*2464 (equals the single potential of the saturated calomel half-oell at 25*0° 0.). 
If E is the e.m.f . corresponding to the unknown jOg, then 

_ 0*772 -E 
0*069 

The hydrogen was passed until a steady potential was obtained, which required 
at least an hour in the early stages, but a shorter time in the later stages of a 
titration. 

60 ml. of the 0*1 per cent, solution were taken. A slight excess, say 
0*06 ml., of the 0*1 N acid was added from a micropipette, and then the 
0*1 N alkali from a microburette, up to about 0*4 to 0*5 ml., to give pa 
between 9 and 10. On graphing the results, the volume of acid required to 
change the natural pn f’lic pi = 4*7 was found. This was about 0*5 
molecule per I g. of gelatin, in agreement with the results of Douglas and Atkin 
(foe. cU.). The excess of acid over and above this amoimt was, of course, 


Alkali Titration of 0*1 per cent. Gelatin. 
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I 0 317, 

4*78 

4*66 

7*06 

1-78 

6*08 

5*76 

9*50 

8*90 

6*99 

7*40 


II 8*80 

8*84 

5*97 

9*10 


8*70 

6*77 

9*89 

4*98 

«*79 

7*54 

9*54 

8*18 

9*04 

9*U 

9*88 

m 1*80 

6*72 

8*80 

6*90 

1*81 

6*89 

4*16 

7*18 

8*08 

6*08 

4*95 

8*55 

8*87 

6*80 

5*59 

8*85 

IV 8*70 

7*88 

6*10 j 

9*00 

.:4*80' 

7*60 

6*80 

9*80 

8*80 

8*40 

6*80 

9*70 
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Bubtneted from the alkaU titiatiooB. The aeriee quoted were aaoh deAeraniaed 
on aeparate deye with freshly made solutions. The fourth senes was deter- 
mined by Mr. F. O. Howitt, using an entirely different outfit and witii a very 
long continued passage of hydrogen. 

From the pi up to pa = 7 *0 the curve follows closely that of 1 per cent, 
gelatin. At this point (or 8*7 in Series II) the curve begins to diverge in the 
direction which is to be expected on account of hydrolysis. In the range pa 
7 to 9, series II, does not agree with the others ; values of [H‘] do not seem well 
defined in this part. Small differences in the degrees of hydrolysis will here 
greatly affect values of [H‘] or [OH'] which are still quite low. From 9*2 
upwards the different series agree better, and a steady divergence of nearly 
2*0 in Pa is found between the 1 *0 and 0*1 per cent, solutions containing the 
same ratio of alkali to gelatin. 

The 0-1 per cent, solution has a far greatejr buffering power per 1*0 g. of 
gelatin than the 1 per cent, solution. Thus, about 3*5 ml. of 0*1 N 
alkali are required to change pa from 4*7 to 9*0 in the 1 *0 per cent, and about 
0*0 ml. of the alkali to produce the same change in the 0*1 per cent, 
solution. This difference is not due to alkali blank error, which has been 
allowed for, and is quite low at pa — 9*0. 

Equivaient Weight afO-l per oent, Qdatin, in the AUcaiine Range. 

If it were possible to locate a second inflection in the 0*1 per oent. solution 
corresponding to that which occurs at about pa — 12 in the 1*0 per cent, 
solution, then the equivalent could be calculated directly from the amount of 
alkali required. This is not possible, however, on account of high hydrolyses. 
The calculation will be made by another method using equations published in 
1915. 

The constants will be considered as acidic constants, for purposes of calcu- 
lation. By using the basic constant derived from the titration with acid, 
and applying the Walker-Michaelis equation 

Atkin and Douglas (loc. oU.) calculate that pK^ n 6*7 or the first aoidio con*- 
stant Kj is 2 X This supplies a basis for the oalcola^n of the second, 

or weaker, acid constant K„ or the basic constant Eg. Fm at the saiddle 
the first inflection which is found to vary only slij^tly rrfth oonoentratann, 
* ISus fa palled Meond ooMtant on p. 982 far obvioiM lessons. 
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» 7*7. nik is the fint equivmlenoe point, at whioh aD the stronger aoidie 
groups ate neotrslised. The usual exfueBsion for ELj and Kg gives at this 
point 
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pK, = 10-06. K, = 1 X 10-“. 


The general equations of a dibasic acid may now be applied at any con- 
venient point in the neutralisation curve beyond the first equivalence point. 
After the addition of 6 ml. of 0*1 N. NaOH to 1 g. of gelatine, the pg 
values in the 1*0 and 0*1 per cent, solutions are 10*8 and 9*0 respectively. 
The equation 

U 


2 + rH*]/K. + Kw (K, j)/rHi K.C 


is solved for the two cases. R is the ratio, equivalents of alkali (equals ml. 
of 0*1 N alkali x 10”*) to ml. of gelatin (equab weight -j- unknown 
molar weight M). Since the molar weight may vary with the dilution, 
andM,maybe written for the values in 1*0 and 0*1 per cent, solution. Hence, 
in the 1*0 per cent, solution 

Ri = 6 X 10-*, Phx = 10*8, [H-], = 1 *6 X 10-“, Cj = lO/Mj, 
and in the 0* 1 per cent, solution 

R, = 6 X 10-*, Pa = 9*0, [H*] = 1 x 10-», c, = 1*0/M,. 

On puttmgin the numerioal values, with — 0*64 X 10-“, 

til = 3280 and tit = 1980. 

The first agrees fairly well with the molar weight 3290 of 1 per cent, gelalin 
obtained by Atkin and Douglas, who used a different method (see note'on 
p.2S0). 

Sinioe a lowm eqmvalmit wdght is found in the more dilute ^lutions, by a 
oaloulatiou which takes fnU account of hydrolyms, the lower pg values in &e 
0*1 per cent, combination curve are not due to increased hydrolysis akme. 
Farther calculations, uiung the same eqoalaons at other points in the curves 
gave simtlar results. Thus, at pa =» 8*3, R may be between 5*0 and 3*9. 

ffnotuath^s vahies in the titration curve between 3 and 6 mdecules «f 
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A,11riLli and atps^ 7*0 to 9*0 ue poadbly dae to an ixtereraiUe hydrolTris, 
aa was ^own by an experiment designed to test tiiis posmbilitiy. 

Bdation between the Equivalent Weights as Acid and as Base. 

According to the newer theory which has been explained in detail by Harris 
and oo-workers (loo. cit.), the combination of ampholytes with acids corresponds 
to the displacement of carboxyl groups, while the combination with alkalies 
corresponds to the displacement of basic groups. The constants will be expressed 
both on the newer and on the older theory. 

From the Constitution . — An estimate of the separate cleavage products, 
including a small proportion of ammonia, which have actually been obtained 
from gelatin, and which account for 91*3 per cent, of the material, is given in 
“ Practical Organic and Biochemistry,” Plimmer, chap. 89. 

Taking into account the dicarboxy and the dibasic amino acids, a total is 
obtained of 91*9 molecules of acidic radicals and 98*4 of basic radicals. The 
ratio, equivalent weight as base to that as acid, is therefore 0-93. 

(2) From the Equivalents DiretAly (Stained by Titration. 

These have been stated by Atkin or deduced from his carves. Starting 
from Ph ~ ^‘7 the limit beyond which no acid is fixed, at pg = 1*7, is 8*5 
ml. of 0*1 N reagent per 1 g. of gelatin, therefore the equivalent as base 
on the older theory is 1180. The titration to the limit beyond which no alkali 
is fixed, is 7*8 molecules of 0*1 N reagent, therefore the equivalent as add is 
1280.* Ratio 0'92. On the newer theory the equivalents are reversed and 
the ratio is 1‘08. 

(3) From the Equivalents Obtained by the Use of the Buffer Equation 

and Constants. 

The equivalent 1470 calculated from buffer action at or below sx 4*7 
corresponds most nearly on the older theory to the basic function. The molar 
weight of gelatin considered as containing two addio groups is 3280 (see above) 
or the equivalent is 1640. Thus the ratio on the older theory is 0’90, while 
that on the newer theory is I • 10. 

Thus the older theory agrees better on the whole with the constitution of 
gelatin than the newer. It is significant that by dth«r method of baleubticd, 
the equivalent weights as acid and as base are nearly equal. This pdnts to 

*Atldn and DouglM (loc.oit.) obtain MOO as die fiwt equivakat np to 
bat dw seooad aoid equivakat nqulns mom alkaU than tbs fimt so that tiw SMti eq# 
▼aknt wei^ is lew dma 8SOO/3. 
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the opinion that the original molecule has nearly equal proportions of those 
cleavage products — arginine and glutamic acid — ^in which the number of acidic 
is not equal to that of basic groups. 

The Probable Value of the Constants on the Newer Theory of Ampholytes. 

The absence of inflection at the isoelectric point is, as already shown, con- 
nected with the relative magnitudes of the two constants involved. For the 
sake of simplicity these will first be considered as the constants of a dibasic 
acid which are numbered from the acid side so that refers to the back titra- 
tion of the strongly acid hydrochloride with alkalis. 

It has been proved by Auerbach and Smolczyk (1924) that there is no in- 
flection in the combination curve at the equivalence point of the first acid, 
when Ki ^ IfiKg, or ^ — 1*204. Thus, in the case of tartaric 

acid, = 2*90 and pKj 4*02 and there is no inflection, while in that of 
oxalic acid, pK^ :==: 0*77 and pKg = 3-86, there is one. 

We may put this limiting ratio at 20 or even higher in the case of a protein 
and still not have a perceptible inflection. The constants deduced by Douglas 
and Atkin (Joe. cU.) and still considered as acid constants are — pKj = 3‘7 and 
pKg = 5*7. The ratio K^/K^ is 100 and the diffeitenoe between the exponents 
is 2*0 instead of 1*3 (— log 20), so that there should be a perceptible inflection. 
These constants may be revised, and both determined by the application of the 
two equations 

pKj — pKj 5 1-3 pKg + pK, - 2x4-7. 

Thus 

pK2^5-35 and pKi^4-05. 

We ma^ omit the sign of inequality, since it is imlikely, on the analogy of 
the other amino-acids, that the ratio of to K^/K^ is less than 20, 

If the pi is about 6*0, as seems to be indicated by some measurements 
of electrophoresis, then 

pKj = 6*6, pKj = 4*3. 

Thus it appears that pKg can hardly be greater than 5 * 6, and may be less, and 
this requires that pK^ should be 4 - 3 or 4 • 0. Either of these values agrees well 
with the acid combination curve, since the point at which 99 per cent, of the 
possible acid is combined may be at p^ 2 * 0 or 2 • S* instead of 1 • 7 as assumed by 
Atkin and Douglas (1924), since these points are uncertain on account of the 
high '^aoid blank ” correction. 

The above results will now be translated into the newer or amphoteric ion 
• [4-3 or 4-0] -2-0. 

VOL. OVin.— B. B 
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theory. Since the protein dissociates in such a way that the constant Kj 
is that the due to the displacement of the carboxyl groups by HCl, while 
K, is replaced by K^/Kb in wiiiclr Kb refers to the displacement of the 
weaker base by NaOH, then pKj^ — pK^ — pKa = ~ 1 - 3. 

The condition for absence of inflection may also be written 

pKi +pKb =pKw - 1-3 = 14-2 - 1-3 = 12-9 (at 18’). 

Taking the pi as 4 • 7 we have as before 

PKa = 4-3, pKb = 14-2 - 5-35 = 8-85. 

It is not quite certain whether the third constant, which determines the 
dissociation in the more alkaline solutions, refers to an acid or a base. The 
latter view seems to be favoured by the formaldehyde titrations of Birch and 
Harris (1930). According to p. 228, the exponent of this constant is 

PKb. = 14-2 -10-05 = 4-05. 

These electrochemical properties of gelatin may now be briefly summarised. 

(1) Isoelectric gelatin is assumed present as undissociated molecules 

pi = 4-7, pKb = 10-16, pKa. = 6-36, pK*. = 10-18. 
pi = 5-0, pKb = 9-9, pKa. = 5-6, pKa, = 9-8. 

(2) Isoelectric gelatin is assumed present as amphoteric ion. 

pi = 4-7, pKa =-■: 4-05, pK,,. = 8-85, pKj,. = 4-06. 
pi = 5-0, pKa = 4-3, pKb, == 8-6, pK®, = 4-4. 

It will be noticed that thedissociation constants of the stronger acidic are nearly 
equal to those of the stronger basic groups on the newer theory (2), while 
constants of the weaker acidic are nearly equal to those of the weaker basic 
groups on the older theory. 


REFEBENCBS. 

Atkin and Douglas (1924). ‘ J. Soc. Leather Trades Chem. (OolL),’ p. 684. 
Auerbach and Smolczyk (1924). ‘ Z. Physik. Chem.,* vol 110, p. 83. 

Birch and Harris (1930). ‘ Bioohem. J.,’ vol. 24 , p. 1080. 

Harris (1923). ‘ Proo. jRoy. Soo.,' B, vol. 96, pp. 440, 480, 600. 

Harris (1926). ‘ Ptoc. Roy. Soo.,’ B, voL 96 , p. 364. 

Jermolenko (1929). ' Koll. Z.,’ voL 46 , p. 141. 

Prideaux (1916). ‘ Proo. Roy. Soo.,’ A, vol. 91, p. 636. 

Pridoaux and Howitt (1929). ‘ Proo. Roy. Soo.,’ A, voL 126 , p. 126 . 
Simms (1923). ‘J. Amer. CSiem. Soo.,’ vol. 46 , p. 2603. 



233 


A Comparative Study of the Brains in British Cyprinoids in 
Relation to their Habits of Feeding^ with special reference to 
the Anatomy of the Medulla Oblongata. 

By H. Muir Evans. 

(Commumcated by H. H. Dale, Sec.R.S. — Received November 27, 1930.) 

Introductory. 

Professor G. H. Parker, writing in 1922, remarks that the comparative 
physiology of taste in Vertebrates is almost an untouched field. 

It occurred to the writer of this paper, that it would be an instructive research 
to take a family, such as the carp family, and to study the hind brain of the 
members of the Cyptimdao found in British waters, and to correlate their habits 
of feeding with the developments of the vagal and facial lobes of the meduUa 
oblongata, 

( As is well known, the Cyprinidao and the Loaches (Cobitidao) belong to the 
order Ostariophyai. They possess the interesting apparatus connecting the 
8wim<bladder with the ear, known as the Weberian Mechanism. 

The Cyprinidas are also, I believe, peculiar in possessing a high pressure swim- 
bladder, in which, as in the Roach for example, the contained gases are main- 
tained at an average pressure of GO mm. Hg^ 

Another peculiarity of the Ch'prinoids is the possession of the palatal organ 
in the root of the pharynx, originally described by Weber in 1827. This 
rtoiarkable organ is crowded over its entire extent with taste buds, arranged on 
oomb-Uke ridges. ('There are certain peculiarities in the configuration of the 
hind brain in Cyprinoids. The vagal lobes in the Carp, C. carpio, form a 
pair of wing-Uke swellings on either side of the rhomboid fossa, and embrace 
between their anterior ends the unpaired facial lobe, the lobm impar or lobw 
facialis {‘ Cat. Boy. CoU, Surgeons,’ Eng.), > 

\It is known that, among Cyprinoids, the Goldfish has taste buds over the 
whole bo4y» that the Barbel has taste buds on the barblets, and that they are 
alpK) pcesent on ^ 

( Hcond^ writing in 1906 on the gustatory paths in fishes, states that “ all 
^ffte buds in the pharynx and back part of the mouth are supplied by the vagal 

in front of the mouth, lips ai^ outer 

^ i 
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■kin from a roolf of the facialis, which apparently corresponds with the portio 
mlemedia of human anatomy. 

Associated with these roots are onepecialised sensory fibres ending in the 
mucous membrane of the mouth. The central connections are not known — 
they are termed, provisionally, the communis system. 

The specialised communis fibres related to taste buds, either within or out- 
side the mouth, and the ganglion cells from which they are derived are termed 
“ the peripheral gustatory system of neurones.” 

There is a special centre in the medulla oblonijala for the reception of the 
facial root of the communis, termed the facial lobe. The size of this lobe appears 
to depend on the possession of a large number of terminal buds on the outer 
skin. 

The enormous vagal lobes of some of the Cyprinoids are explained by the 
fact that these are the terminal centres for the nerve fibres M the X and XI 
nerves from the palatal organ. Siluroids have no hypertrophy of the gustatory 
organ in the branchial region, and, therefore, we find the vagal lobes as in most 
teleosts ; but as the cutaneous sensory organs are very highly developed we 
find large facial lobes. 

To quote Herrick again : ” The vagal lobes (for mouth tasting) and facial 
lobes (for skin tasting) are local enlargeipents of the visceral sensory brain, 
as is illustrated in the dog fish.” The behaviour of these fishes (Siluroids and 
Oyprinoids) has been studied, and interesting correlations between these 
remarkable sense organs and the methods of feeding brought to light.^ It 
should also be mentioned that in a recent paper, Muir Evans and Damant 
(1928) have drawn attention to the presence, in the oesophagus of the Cypri- 
noids, of taste buds suzroundii^ the entrance of the pneumatic duct ; their 
presence there is doubtless associated with the swallowing of air by these fish, 
for the purpose of replenishing the gases in the swim-bladder. 

Historical. 

The naked appearance of the brains of these fish have been previously 
reviewed by P. Savour^ (1912). The illustrations published by Savoure ate 
on a small scale, and diagrammatic, and our observations do not agree with 
the descriptionB of this writer in many iustances. For example, the two Breams 
are figured, but the drawings of the vagal lobe are not in accordance with the 
conditions we find in Abramis brama and Abramds bjoarTma of the Koilolk 
rivers; neither do our observations agree with his desmiptian of (ToMb 
fluviatHif, 
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f This author describes the lu^e bilateral lobes of the medulla, as a posterior 
sweDing called the “ lobe posterieure ” by Klaatsoh and the pneomogastric 
lobe by Baudelot ; between these lobes is a central lobe, the median lobe 
of Baudelot or “ lobule mediane du Bulbe.” 

The terms now usually applied to these lobes are “ vagal lobe ” to the former, 
and “ facial lobe ” to the latter. ^C. Judson Herrick in numerous papers and 
books, 1899, 1902, 1905, has made valuable and exhaustive studies of the 
gustatory paths in fish. He has made detailed examinations of the skin of 
Amiurus mdas, a small cat fish, and has prepared a diagram, which has been 
reproduced in most text-books dealing with this subject, of the distribution of 
the taste buds over the external surface, and of the cutaneous branches of the 
VII cranial nerve which supply them (1903). (^e states that in the Siluroids 
(Catfishes) the highly developed cutaneous gustatory organs, innervated by 
the facialis, have called forth an enlargement of the facial lobes greater than in 
that of the Gyprinoids.^ 

This generalisation does not, however, hold good ; we shall see further, in 
the course of this communication, that in both the Barbel and the Gudgeon 
the facial lobe is as fully developed as in the Siluroids. 

G. H. Parker (1922) has reviewed the question of taste in fishes in his book 
of “ Smell, Taste and Allied Senses in Vertebrates.” 

Olmstead (1918) has made experiments on the nature of the se nse of s mell 
in the Common Ciatfish Amiurus. f He finds'that taste-buds on the oral barblets 
begin to degenerate in a little over 10 days after the nerve to these organs has 
been outa 

/ Examination of the Brain in situ. 

Group /.^^-Oarp, Goldfish, Bream and Tench. — ^The vagal lobes are large, 
and oval or crescentic in shape. In the Carp, the facial or central lobe is 
not overlapped by the vagal lobes, as it is in the Goldfish. In the Bream, the 
facial lobe is small and is more anterior in situation than in the others of this 
group. 

In the Tench, the facial lobe is large and causes a wide separation of the 
anterior mxds of the vagal lobes. The acoustic tubercle is very similar in 
siaein all four, and the cerebellum is very similar in size and shape in the Carp, 
the Goldfish, and the Bream ; in the Tench it is broader than in the Other 
mmnbets of the group. 

Group JI.— Eoadi, Rndd, Dace and Chub. — ^The optic lobes are large com- 
puted with the vagal and fttoUl lobes. The vagal lobes are oomparativdy 
BnaH aaad the facial lobes ate small, especially so in the Dace and the Chub, 

8 2 
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Qbocf L GiM>tfP II. 

Vagal Lobes Large. Vagal and Facial Lobes 

Small 



Fig. 1. — Carp. Fio. 6 — ^Roaoh. 

Cyprinus mrpio, Ruiilus nUilus. 


Gnonp 111. 
Facial Lobes Large. 




Caraseius auralus. 



Fig. 6— Rndd. 1(>— Gudgeon. 

Scardinim erythrophihalmn4i, Ocbio gcbio, 

N.B. — Cerebellum is raised 



Fig, 3~Broam. Pio, 7--Chub. 

Ahramis bmtm, Leuciscus cephalw. 



Fig. 11 — Loach. 
NmackUus bartoidus. 




Fig. 4— Tench. Fio. 8— Dace. 

Tinea tinea, LencUeui leuciacus. 


Kora.— Details of the olfactory lobes and bulb are purposely omitted exc^t in Carp 
and Dace, at., acoustic tubercle ; dm,, oerebeDum ; /.I., facial lobe ; o^., primitive end 
brain; h., olfactory bulb; op., optic lobe; paU,, pallium; s.c., spinal cord; 
vagal lobe. 


and, as in the Bream, situated at the anterior extremity of the vagal bbes. 
The cerebellum and acoustic tubercl^ are of moderate eiae. 

Grouf ///.—Consists of the Barbel and the Gudgeon, and in it is placed the 
Loach, because it is a near relative to the Cypiinoide, and ite habitat ai)d btbita 
are very similar to those of the Barbel and the Gudgeon. In 
vagal lobes are well marked, the faucial lobe is much enlaiged, 
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the Gtidgeon aad the Loach ; it overlaps the vagal lobes in Gudgeon, and in 
the Barbel the large facial lobe separates the anterior ends of the vagals to 
a greater extent than in the Tench. The oerebellum is large and overlaps the 
central lobe. In the Barbel, the vcdmda cerd)dU widely separates the optic 
lobes, and the same condition is noted in the Loach. 

Barbels. 

The presence or absence of barbels in these groups will now be considered. 

In Group II, Roach, Rudd, Chub and Dace, there are no barbels. 

In Group III, barbels are present in each fish. 

The Barbel has two barbels on each side. 

The Gudgeon has one barbel on each side. 

The Stone Loach has a blunt snout, projecting beyond the transverse, 
inferior mouth, in front of which are two pairs of barbels, whilst a third pair 
are placed near its comers (Tate Regan) ; that is to say, it has three barbels 
on each side. 

Oroup I . — ^The Carp, Cyprinus carph, has two barbels on each side of the 
mouth. 

The Crucian Caip and the Goldfish have no barbels. 

The Bream has no barbels. 

The Tench has a short barbel on each side. 

Feeditig HabUs of Cyprinoids. 

Ahi bn ngh tlie feeding habits of British Cyprinoids are similar, in that they 
subsbt on- a mixed diet, some are almost entirely vegetarian, while others are 
ptedadous. They can, however, be divided into three groups according to 
their habits of feeding. 

Group 1 . — ^Those fiish presenting the type of hind brain figured in Groiq> 1, 
are the Carp, the Goldfish, the Bream and the Tench. All these fish can extract 
nourishment from mud. Yarrell gives the larvse of insects, worms, and the 
softer parts of aquatic plants as the food of the Carp. Shrimps are also eaten. 
Bream swim in riioals, feeding on worms and other soft«bodied animals, with 
some vegetable substances (Yarrell). 

Walton gives as baits for Bream, “ paste of brown bread and honey, gentles 
or die brood cd vmsps diat be young.” “ There is at die root of docks or flags 
or mdies in watery places, a worm not unlike a maggot, at which Tench will 
bHo freely.^ But for Carp or Bream he recommends “ as big a red worm as 
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you can find without a knot ” ; this must be oarefully cleaned with moas tiiab 
must be changed fresh every 3 or 4 days. I cannot forbear quoting Waltoa 
on the Tench : “ This fish that carries.a natural balance in him to cure botit 
himself and others, loves yet to feed in very foul water amongst weeds ” ; 
“ He will bite at a paste of brown bread and honey, or at a marsh worm or a 
lob-worm ” ; and, straogo as it may seem, “ he inclines very much to any 
paste with which tar is mixt.” But the dominant characteristic of this group 
is the power of sifting mud, so as to extract nutriment from the organic matter 
which it contains. 

Qroup II . — ^AIl the members of this group feed largely by sight. It includes 
the Boach, Rudd, Chub and Dace. All will take a fly, and the Rudd and the 
Dace give good sport to the dry-fly fisherman. The Dace feeds on insects, 
shrimps, worms and flies. The Roach feeds on weeds, insects, larvse, little 
shell-fish and fliies. The Rudd feeds like the Roach, and prefers still, weedy 
places. The Chub leaps at flies, or feeds at the bottom on weeds, shrimps, 
worms, or young frogs, and also preys on Minnows and Oudgeou. According 
to Isaac Walton the Chub will take a grasshopper. He recommends as baits 
“ a black snail with his belly slit to show his white, or a piece of soft cheese. 
Nay, sometimes a worm or any kind of fly as the ant-fly, the flesh fly or wall 
fly or the dor or beetle you may find under cow dung, or a lob which you will 
find in the same place and in time will be a beetle ; it is a short, white worm 
like to and bigger than a gentle.” 

Oroup III. Feeding Habits of the Gudgeon and the Barbel . — ^These are mil 
described by Isaac Walton. The Gudgeon frequents gravelly bottoms. 
” The Germans call him GroundUng, by reason of his feeding on the groolid 
and on the gravel ; and he there feasts himself in sharp streams and on the 
gravel.” “He and the Barbel both feed so and do not hunt for flies at any 
time as most other fishes do.” “ He is easily taken with a small red mma." 
“ The food of the Barbel is partly of an animal and partly of a vegetable nature. 
He does not disdain any sort of vegetable matter which he finds by rooting 
about on the bottom or banks with his snout, often turning over stones and 
using the barbels as tasters in search of food.” 

In general, it may be said that their diet is one of shrimps, small molluscs, 
insect larve, worms and eggs or fry of other fishk. 

” The Barbel love to lurk under weeds and to feed on gravel against a rising 
ground, and will root and dig in the sands with a nose like a hog. He is also 
curious for his baits ; that they be clean and sweet; at a well scoured lob* 
worm he will bite boldly and also at gentles not too much scoured ; cheese is 
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also a good bait, if it were laid in clarified honey a short time befcnce as namely, 
an hour or two.” 

The habits of these two fish are therefore remarkable for their similarity, 
in that they grope and grub for their food and never take a fly, and, therefore, 
it is not surprising that their hind brain (both facial and vagal lobes) is peculiarly 
developed. 

Technique of Histological Examinations. X 

The fish was killed with chloroform and the brain removed and fixed in 
Bouin’s fluid 12 hours. Bouin’s fluid is composed of the following : — 


Saturated aqueous solution of picric acid 15 parts 

Formalin 5 parts 

Glacial acetic acid 1 part 


It was passed into 50 per cent, alcohol for 24 hours, and then into 70 per 
cent, alcohol, changing every 3 hours for 2 days, to remove all Bouin’s fluid. 
Then 90 per cent, alcohol for 2 hours, followed by two changes of absolute 
alcohol for 1 hour each. The tissue was cleared in cedar-wood oil and embedded 
in paraffin. 

The sections were passed through two changes of xylol and then through 
descending strengths of alcohol into distilled water. They were then stained 
with Delafield’s hssmatoxylin for 5 to 10 minutes and then passed through 
30 per cent, and 50 per cent, into 70 per cent, spirit. They were counter- 
stained with pioro-indigo-oarmine for 6 seconds, and finally passed through 
90 per cent, spirit and absolute alcohol, into xylol, and mounted in Canada 
balsam. 

The formula of picro-indigo-carmine used : — 

A. Saturated solution of picric acid in 90 per cent, alcohol. 

B. Saturated solution indigo-carmine in 70 per cent, alcohol in the propor- 

tion : A, I vol., B, 1 vol., 70 per cent, alcohol, 6 vols. 

The Histology and Comparative Microscopic Anatomy of the Medulla Oblongata 

of Cyprinoids. 

In order to mfke dear the difference of microscopical structure in the brains 
of the three groups of Cyprmoids, which, as we have already seen, are distin- 
guished by naked eye characters correlated with their habits of feeding, it will 
be neoessaxy to recall some facts in the histology of the madstUa Mangata. 
Biqpedally, we must recall the recent work of C. J. Herrick on the vagal and 
fadal lobet^ whioh form part of his elaborate study of the gustatory traots in 
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fishes. We, therefore, in the first place, reproduce his diagrammatiic section 
of the medulla of the bony fish the Sea-robin, Prionotue oarolinut, in the region 
of the vagus nerve. 

The four principal functional systems are arranged in longitudinal columns 
firom the dorsal to the ventral surface in the following order : Somatic Sensory, 
Visceral Sensory, Visceral Motor, and Somatic Motor columns as indicated 
diagrammatically on the left side of fig. 12. 





Fio. 12. — iJiagrammatic cross-seotion through the medulla cbUmgaia at the level of the 
vagus nerve in a bony fish (the Sea-robin« PrionUue carolinus, to illustrate the arrange- 
ment of the four principal functional columns from Herrick, ** Introduction to 
Neurology/* a.a., acoustic area ; c.r.X., cutaneous root X ; n. amb,, nucleus ambi- 
guuB ; a.tnx., somatic motor column ; ap, n, XII, spinal nerve XII ; ap. V L, spinal 
V tract ; s.s.c., somatic sensory column ; t\c., ventral column ; visceral motor 

column ; u.m.r.X,, visceral motor root X ; v.s.c., visceral sensory column ; v.a,r,X, 
visceral sensory root X. 


The arrangement of the peripheral nerve>hbres is indicated on the right eide 
of the diagram. 

The Medulla Oblongata of the Carp, — ^The catalogue of the Museum of the 
Royal College of Surgeons thus describes the meduUa oblongata : “ The vagal 
lobes form a pair of wing-like swellings on either side of the rhomboid fossa 
in the Carp, and embrace between their anterior ends the unpaired facial 
lobe ; this lobus impar or lobm facialis represents apparently a fusion of the 
two small facial lobes in the cod.’’ That this suggestion is correct is proved 
by sections of the medulla in the Gudgeon, where the two halves of the facial 
lobe appear distinctly separated at the level of the entrance of the facial 
nerves. 

Fig. 13 is a section across the meduUa oblongata of the Carp at the level of 
the entrance of the X nerve, the three root* of which are clearly evident on 
the left side of the section. The enormous development of the sensory and 
motor columns is remarkable, but their relative relations in position rmnain 
the same as in Prionotus caroUnw^ when allowance is made for the distortion 
produced by their size. 

On the left of the section are to be seen the cutaneous root of the Xth passing 
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to the Bomatio sensory columns, which embraces the whole lobe ; the visceral 
sensory root of the Xth is serai passing to the visceral sensory oolumu, and the 
visceral motor root is seen passing medially to the nucteue ambiguus. 

On the right, however, the root of the somatic sensory column does not 
appear in the section. The great longitudinal secondary gustatory tracts 
are seen on either side. 

The subatemtia reticularis appears between the fasoietilus Umgitudinalis 
medialis, and the secondary gustatory tracts, and ventral and extramal to the 
fasciculus tnedialis is the ventral fuuicle of the spinal cord. The motor cells 
of the ntteleus atnbiguus axe very well marked. 

On the left, on the periphery of the somatic sensory column is a layer of 
chief secondary gustatory neurones ; on the right side on the periphery of the 
sensory somatic column is to be noted the superficial root of the Xth, internal 
to which is a layer of secondary gustatory neurones. 

Three divisions can be recognised in the great longitudinal tracts on either 
side, the spinal root of the V, the descending secondary gustatory tract of the 
facial, and the ascending secondary gustatory tract, as one passes from the 
dorsal to the ventral aspect. These divisions are more clearly shown in 
sections from the Tench. 

The explanation of this enormous development of the vagal lobes in the 
Carp and other mud-eating members of the Cyprinidse is ‘‘ the existence of 
the palatal organ in the roof of the pharynx, which is very thickly covered with 
taste-buds arranged on comb-like ridges ” (Herrick). 

During feeding, this is enlarged by congestion with blood, and serves to 
sort out food particles from the mud. 

“ The vagal lobes for mouth-tasting are therefore local enlargements of the 
visceral sensory brain, as it exists in the Dog-fish, and in bony fiishes, as 
exemplified by the Sea-robin ” (Herrick). 

The motor layer of the vagal lobe is regarded as a dorsal extension of the 
nudeus ambiguits, the motor fibres from which pass out chiefly to the small 
muscles which permeate the interior of the palatal organ. 

The nucleus ambiguus has the typical position and relations of the centre 
supplying the branchial mnsoulature, and therefore, strictly speaking, should 
not be regarded as part of the vagal lobe. 

Jig. 14 is a section of the facial lobe of the Carp at the level of the origin 
of fhe glossophatyngeal nerves. The facial lobe is seen situated centrally 
imd dotsidly and on either side the trunks of the communis faeiatis are seen 
m section, giving ol! brandies into the lobe. 
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Fig. 18 — Carp : Section aoroas Vagal Lobes. great tongitadinal seooodaiy 

gostatory tract. 

Descending gustatory fibres are seen passing to tibe great longitudinal 
gustatory tracts, some iB^bres crossing to either side dorsal to the /asotottliw 
long, medialis. 

On the left side, fibres from the IXth nerve can be seen definitely entering 
the facial lobe ventral to the facial nerve trunk. 
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Ito. 14— Oup : Beotion Mroaa poiterior part of Facial Lobe. 

We lay Bfcress on this observation as this connection between the facial 
and gtossopliaryngeal does not appear to have been noted by previous writers. 
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lobe at the anterior end of the gloasophatTngeal’Vagal lobes, but the section 
reveals that in reality the facial lobe here occupies the whole dorsal half of the 
section, the ventricle lying centrally. 

Roach. 

This extension laterally of the facial lobe is limited to a very small depth, 
as the anterior ends of the glossopharyngeal soon appear on either side of the 
central prominence of the facial, and the facial lobe becomes limited to the 
medial area with the glossopharyngeal lobes on either side. 

The next sections show a gradual diminution of the facial lobe and the 
glossopharyngeal lobes give off descending fibres, some of which enter 
the ascending gustatory tract and some cross over beneath the ventricle to the 
opposite side. The ventricle here widens out and soon there is seen a wide 
vertical space separating the vagal lobes. These lobes produce merely a slight 
bulging of the lateral walls of the medulla, and therefore the section still 
retains its oval form. 

As regards its minute anatomy, it will be noticed that compared with the 
Carp the somatic sensory area of the vagal lobes is small in extent and still 
smaller is the nudeua andnffuus. 

The characteristics of the group of sight-feeding Cyprinoids, of which the 
Boach is the t 3 rpe, is a small facial lobe which, however, is bigger than would 
appear from its surface view, and the comparative smallnees of the vagal 
lobes. 

The Microscopic Anatomy of the Hind Brain of the Gudgeon. 

We have already seen that the facial lobe of the Gudgeon is large. Its 
anterior portion tapers to a point which lies beneath the cerebellum. As 
sections are traced caudally the lobe becomes heart-shaped in section, with a 
tendency to divide medially. Further back the fadal nerves pierce the medulla 
laterally at the same level as the Vth nerve roots enter. The lobe widens out 
and extends across the whole width of the hind brain. The facial nerves 
approach the middle line and divide into two branches, one of which immedi- 
ately enters the facial lobe and the other turns shaipty backwards. The 
branch to the anterior portion of the lobe passes laterally and dorsally to tihe 
superffoial part of the lobe ; the posterior branch passes backwards and at a 
level coitesponding to the anterior extremity of the vagal bbes merges with 
the ventral aspect of the fadal lobe and supplies its posterior portion. 

The above details are readily understood by a reference to the diagtasis 
1 to VI (fig. 18) and figs. 19 and 20. 
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The distribution of the facial nerve is markedly diffwent &om the condition 
found in the Boach and in the Carp. 

The division of the nerve into two main trunks, one leading to the anterior 
portion and the other to the posterior portion of the facial lobe, may possibly 
be correlated with the presence of barbels in this fish and with its grubbing 
method of searching for food. It will be therefore important to enquire 
whether a similar condition occurs in the Barbel. 



Fio. 18 — Facial Lobe and Nerve of Gudgeon ( (i) to (vi) from before backwards), anl. 
br., anterior branch ; C.L.M., oerobellum ; F.L., facial lobe; g.s.Lg.t., great secondary 
longitudinal tract ; poM. br.. posterior branch. 


The Facial Lcbe of the Barbd. 

We have seen in the naked-eye drawings of the Barbel the large size of the 
cerebellum and valvula. We have described the division of the facial nerve 
in the Gudgeon. 

In the Barbel there is also a division of the facial nerve into an anterior and 
posterior portion, but the details differ widely from the condition found in the 
Gudgeon. 

A study of the diagrams I to VIIl (fig. 21) shows that the facial nerve after 
entering the inedulla soon becomes club-shaped in section, the body of the 
olub lying venixally while the handle extends dotsally, and breaks up into a 
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Fio. 19 — Gudgeon ; 8t*ction across anterior portion of Facial liobe. 



Fra. 90.->^u(lgeoa : Section aoroM poeterior portion ol Fioiid 
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number of small bundles of nerve fibres^ which at first appear on the dorsal 
margin of the small anterior portion of the facial lobe, and terminate in the 
central portion of the lobe which may be designated the pars anterior. The 
larger part of the facial nerve then passes backwards and appears at first as 
two columns on either side of the fa(?5al lobe, which now appears heart-shaped 
in section ; these columns lie towards the apex of the lobe which points 
ventrally (IV and V). As the facial lobe enlarges and extends deeper into the 
medulla the facial nerve becomes spread out into two crescentic areas embracing 
the lateral margins of the lobe (VII). 

From the concavity of the crescent branches are then given off and enter 
the lobe ; the last portion of the posterior trunk of the facial to break up into 
branches is that lying along the ventral margin of the lobe. The facial lobe 
then appears in the sections as an egg-shaped area lying in a cup formed by 
the vagal lobes and finally takes on an inverted heart-shape before it tapers 
to a blunt posterior exti*emity. 



Fig. 21 — Facial Lobe ami Nerve of Barbel, vij, facial nerve ; vii p,b., facial nerve, 
posterior branch ; F.L.p^p., facial lobe, pars posterior. 


VOL. cvni.— B. 
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The Facial Lobe of the Tench. 

The hind-brain of the Tench is remarkable on account of the fact that the 
vagal lobes are similar in type to thjit found in the Carp and that the facial 
lobes have a tendency towards the type found in the Barbel and the Gudgeon. 

A study of the diagrams I to IV (fig. 24) will make this statement clear ; 
in fig. 24, I, and fig. 25 the facial lobe is seen with the facial nerve, giving 



vll 

Mf.MnfneA 

Vnerw TSSn^ 


sec. ^tatsi0y c/vct 



Psrs.sttteripr 
vii mtt.bnmch 

Pars peetmisr 
^^postbrsiKh 

BraaetmptmM 
Sj^^gasSSafr 




hiaMfidmcie 


HeV^Uba 

SaserpHsiU 
breach c^X 

reaiX 
Muckas ambiguas. 


W 


f^aalcord 


Fio. 24 — Facial Lobe of Tench. 


off branches from its inner margin to the anterior portion of the lobe. A 
small posterior branch is clearly indicated arising from the ventral extremity 
of the nerve on either side. These small columns lie immediately dorsal to 
the ventricle, and are separated from the facial lobe by descending gustatory 
fibres passing down to the great longitudinal secondary gustatory tract. In 
diagrams II and III the main or anterior branch of the facial is seen to 
divide up into bundles at the lateral margin of the facial lobe on its dorsal 
aspect ; these bundles finally enter the substance of the lobe at the level of the 
appearance of the glossopharyngeal lobes, and tend to separate the latter 
from the facial lobe. 

In the diagram II and in the drawing, fig. 26, the posterior branch breaks up 
into fibres supplying a small central triangular area bounded by descending 
fibres from the main body of the facial lobe. 

In diagram IV a section is shown which is very rimflar to that of a section 
across the vagal lol)es of the Carp, althon^ the sue of the lobes aace smaller 
and do not present the same wing-like appearance. In diagram III on th® 
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right commumcating fibres are seen passing from the facial to the glosso- 
pharyngeal lobe. 

The above descriptions of the facial lobe and the facial nerve in the Gudgeon, 
the Barbel and the Tench suggest that the existence of a divided facial nerve 
in these fishes may be associated with the presence of barbels and their peculiar 
grubbing habit of feeding. 

The Barbel and the Gudgeon grope and grub in the gravel in search of food ; 
in the former the posterior division of the facial nerve is very marked and the 
pars posterior much larger than the pars anterior^ in the latter the division of 
the facial nerve is into branches of nearly the same size, and the areas of the 
facial lobe supplied by the two branches occupy an equal area. The Tench, 
on the other hand, is characterised by a large branch which supplies the greater 
part of the facial lobe and a very small branch supplying a minute area of the 
lobe. 

It would ap|>ear, therefore, that in those fish in which the grubbing habit is 
marked, there is a great development of the posterior part of the facial lobe ; 
on the other liaud, in the Tench with slight grubbing habits the posterior branch 
of the facial is rudimentary and the area supplied by it is vestigial. 

The great size of the vagal lobes in the Tench is clearly due to its present 
habits of feeding which are those of a mud-eater. 

1 wish to thank Mr. B. G. Clarke for his assistance in the preparation of the 
sections and also Mr. R. H. Burne for help in suppljdng me with the literature. 

Dr. Tate Regan in his book on British freshwater fishes gives a synopsis, 
based on external characters only, of the British species of Cyprinoids. 

In the preceding study of the configuration of the hind brain, I have been 
able to divide those members of this family, that I have so far examined, into 
three grou^, each group having a particular method of feeding associated 
with a characteristio picture of the medulla oblongata. 

It is interesting to note how his groups, based on their external characters, 
seem to conform with my grouping. 

(I) of ‘ Tate Regan's Synopsis ' (p. 169). Dorsal fin long, anal fin short ; 
last simple ray of each more or less distinctly spinous and serrated, contains : 
A, the Carp, with two barbels ; B, the Crucian Carp and the Goldfish, no 
barbels. 

These three, we have seen, possess enormous vagal lobes, and are ** mud- 
eaters,*’ 

(IIX) Dorsal fin short, anal fin long with 15 to 29 branched rays, with a keel 
behind the pelvic fins over which the scales do not pass. 
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Fio. 25— Tencli. 


Contuns A, tho Bream (Common) or Carp Bream. This fish is also a mud* 
eater and the vagal lobes are large. 

The Tench, we have already seen, should be put with the Barbel and the 
Gudgeon, although its vagal lobes are large, on account of the two divudons 
of the facial nerve, and the large facial lobe. 

(II) of ‘ TaU Regan's Synopsis.' Dorsal and anal fins short or of moderate 
length, neither with more than 13 branched rays. 

A. Mouth wUh Borheb.— Includes the Barbel, the (dudgeon mtd Tench. 
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Fia, 26 — Tench. 


These aie in my third group, and are characterised by a large facial bbe,' a 
divided facial nerve, and the first two by their grubbing habits of feeding. 

B. Jfo JBarbds . — ^Includes the Chub, the Dace, the Boaoh, and the Rudd. 
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All four have nunute facial lobes, small vagal lobes, and all are active fish, 
which will take a fly, and feed mainly by sight. 

So that with the exception of the Bream, which belongs to (III) and must 
be put with the Carps (I), the external characteristics correspond exactly with 
my classification. 

I — ^With my group I. 

II — A, with my group III. 

II — B, with my group II. 

It is certainly a very instructive fact that external characters, type of hind 
brain and habits of feeding should so closely agree. 

It was hoped when this research was conunenced, that some light would be 
thrown on the significance of the central facial lobe of Cyprinoids and Cobitidse. 
But, as far as my investigations have gone, no solution of the problem has 
arisen. The large size of the facial lobe in the Barbel and the Gudgeon has 
been explained, and earlier work has elucidated the problem of the large 
vagals in the Carp and the Goldfish. 

It is hoped that further work on the microscopic anatomy of the Minnow, 
the Bleak, the Bream, and the Loach may help to throw light on various points 
that arise from the observations already made. We believe, however, that 
this comparative study has revealed certain facts that are of biological 
importance. 

liVo<e added May 1«/, 1931. — Since the above was written 1 have examined 
micro.scopically serial sections of the hind brain of the Loach, NemachUm 
barbatulm, and the Minnow. It is found that the facial lobe of the Loach 
is of the same type as is found in the Gudgeon, and the division of the 
facial nerve i.s very marked. The Minnow has a medulla of the same type 
as is found in Group II with alight minor changes in the facial lobe of no 
significance.] 


An examination of the brains of the Cyprinidse of British waters with special 
reference to the conformation of the medutUa oblongcUa leads to the conclusion 
that the Cyprinoids can be divided into three groups according to their type 
of hind brain and that these groups have similar habits of feeding and also 
present similar external characteristics. 

The vagal lobes are large in Ibe Carps, the Goldfish and the Bttmm and these 
are all mud feeders. Both the vagal lobes and the &(nal lobe are mudl in tiie 
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Boaohy the Badd, the Chub and the Dace, all of which take a fly and feed 
largely by sight. 

The facial lobe is large in the Gudgeon, the Barbel and the Tench. The 
facial nerve in this group, the members of which possess barbels, divides into 
two branches after entering the medulla. These branches vary greatly in 
size ; in the Gudgeon they are fairly equal in size, in the Barbel the anterior 
branch is small and the posterior large, while in the Tench the anterior is 
large and the posterior rudimentary. 
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The Measurement of Actinic Erythema Produced by UUra-Violet 
Radiation with Special Reference to the Latent Time. 

By Maby D, Wauleb, B.Sc., Lecturer in Physics at the London (Royal Free 
Hospital) School of Medicine for Women. 

(Communicated by Sir Edward Sharpey-Schafer, F.R.S. — Received March 2, 1931.) 

[Plats 15a.] 

§ 1. Introduction. 

The quantitative study of the biological action of radiation is generally 
considered difficult in the case of skin erythema, and results obtained by different 
workers using ultra-violet radiation to produce the erythema are often con- 
tradictory. Much quantitative work has been done to ascertain how far any 
biological action runs parallel with the amount of physical stimulus, but this 
has usually been done on plants, histological sections of tumours, cultures, 
albumen, etc., and using more often y-rays and X-rays than the longer ultra- 
violet rays. 

The present paper is preliminary to further study, and is concerned with the 
precautions necessary to obtain reliable and consistent measurements of the 
amount of skin erythema resulting from exposure to ultra-violet rays. 

§ 2. Methods of Measuring Actinic Erythema. 

Fig. 1 serves to recall the four measurements which can be made in order to 
estimate and compare actinic erythemas. The observation of the depth of 

►— wtuTaNMUitim rV'rTMtriK- 



Fio. 1, — Method of Measuring Actinic Erythema. 

erythema would include the observation of colour which will vary according 
to the quality of the radiation (fihattock and Waller, 1929 ; Uhhnann, 19S0). 
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Some observers have attempted to estimate colour and depth of erythema 
by viewing the skin through coloured gelatin sheets (Hausser and Vahle,1922), 
or by matching it to colours painted on a card. Wedges have also been 
suggested, but the tint varies with their thickness. I have found Lefranc’s 
Table of Pastels with its great range of numbered tints useful. I also made up 
a series of the British Drug House capillary tubes as supplied for capQlator use 
using phenol red pa 6*8 to pu 8*4 diluted to various amounts with a buffer 
solution of ph 7-4. This standard is simple and can always be exactly repro- 
duced. Excellent matches are obtainable and the depth of erythema is expressed 
by the number of the capillary, i.c., by a known pn conr.entration. The only 
disadvantage compared with pastels arises from the transparency of the 
capillary, and a constant method of looking at it relatively to the illumination 
of the room must be observed. In Germany more complicated methods of 
estimating the colour have been devised, e.g., an apparatus based on Ostwald’s 
colour triangle and a rotating sector in which any colour is expressed by two 
letters of the alphabet (Memmesheimer and Mathaei, 1930). 

With regard to the depth of erythema, it is usual in England to speak of 
first, second and third degree erythemas which correspond roughly to slight, 
medium and severe erythemas. In Germany a great deal of attention has 
been devoted to devising methods of estimating the “ rotimgsgrad ” and the 
instrument described by Schall and Alius (1925) claims to measure the degree 
of erythema by means of a scale divided into 30 units. They and others have 
published curves showing the relation between depth of erythema and exposure. 

The observations of the time taken for the erythema to reach a maximum 
(which may vary from 7 to 12 hours) ; or of the duration of the visible erythema 
(ranging from 12 hours to several weeks) are valuable as confirmations of the 
conclusions reached by estimating the erythemas either by the maximum depth 
or by the latent time (see § 4 below). It is this last method of measuring 
erythemas which is the special study of the present paper. 


§ 3. ExferimenUA Arrangements. 

Observations may be made statistically, i.e., on a large number of persons 
and for certain purposes this may be desirable, but the conclusions based on 
few observations on each one of many subjects must be carefully scrutinised 
even where the conditions of irradiation are carefully controlled. For many 
potposes this method is unsuitable. It is necessary in order to obtain con- 
aistent results, to ex})eriment on one subject, to irradiate very small areas not 
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usually exposed to light, and to make very frequent observations subsequently 
to tlie irradiation. This can only be done satisfactorily on oneself. 

The experiments herein described were conducted with a quartz mercury 
lamp, the current through which was controlled by a rheostat. With such a 
lamp there is no complication due to sensible heating or reddening of the skin. 
The conditions of running remain practically constant, as shown by ammeter 
and voltmeter, after the necessary preliminary running of half-an-hour, and 
there is no complication as with a carbon arc lamp due to the intensity of 
radiation varying in different directions. 

Fig. 2 (Plate 10a) which includes a centimetre scale gummed on the skin, is a 
photograph of a number of irradiatexl areas of skin taken about 4 hours after 
the exposures were made and shows the smallness of the areas (0‘7 cm. dia- 
meter) exposed. The exposures were made on the right outer thigh 120 cm. 
away from the lamp (148 volts ; 2-1 amps.). The exposures are increasing 
from left to right in the upper, and from right to left in the lower row of exposed 
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areas. The data relevant to tliis particular set of observations reading from 
left to right are given in Table I ; their purpose was to determine what 

degreti of accuracy one could hope to obtain in 
subsequent experiments. The result of plotting 
the latent times against the exposures appears 
on one curve, fig. 3, The exposures were made 
in the early part of the day and observations 
were made about every 10 minutes until the 
first appearance of the erythema, and many 
observations were made subsequently. Experi- 
ence soon taught when the most frequent 
observations were necessary. In this particular 
experiment the faintest fifth erythema had 
already disappeared by the evening, the fourth 
had disappeared by midnight, the third was 



barely visible next morning, while the second and first eiythemas persisted 
and merged into pigmentation, visible for about a fortnight. 



Meaawrement of Aclinic Erythema. 


261 


§ 4. The Latent Time, 

The relation between latent time and length of exposure has already been 
shown graphically in fig. 3. Further serie.8 of observations are given in figs, 
4 and 5. It will be observed that exposures were made for varying distances. 
The relation between distance and the exposure necessary to produce a given 
erythema will be the subject of a subsequent paper. 



It will be noticed that the greatest latent time never exceeds hours for 
the given subject (a few observations for short exposures do not appear on 
the curves as no erythemas were observed), and that this limit is the same for 
the shorter and longer distances. The least latent time from these and other 
observations for the given subjects is hours. 

The curves are very similar to those obtained by Rajewsky (1929) connecting^ 
the latent time before the occurrence of coagulation of albumen and the length 
of exposure to ultra-violet radiation. 

It is interesting to compare these curves with those obtamed for a photo- 
graphic plate. Strips of Ilford Process plate were exposed for six different 
periods to the light of one candle placed 10 feet sway from the plate. A smitll 
portion of each strip was left unexposed. The plate was then developed in 
hydroquinone developer and the latent time before the first appearance of 
any darkening in the exposed parts as compared with the nnexposed part was 
noted by means of a stop watch. The exposures were varied from 3 seconds 
to 10 minutes, t.e., in the ratio of 1 : 200, and the variations of latent time with 
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length of exposure for one plate is shown graphically in fig. 6. The curve has 
the same general appearance as those shown in figs. 4 and 5, i.e,, the latent 

time increased very rapidly for short 
exposures and tends towards a least value 
for longer exposures. The actual figures 
of course, vary with the type of plate and 
the state of the developer. No simple 
formula for these curves is deducible nor is 
any advantage obtained from plotting 
reciprocal or logarithmic values of one or 
other of the ordinates. 

§5. Comlmims. 

The relation between the latent time 
before tlie appearance of actinic erythema 
and the tune of exposure to a constant 
source of ultra-violet radiation, a mercury vapour lamp, held at a constant 
distance away from the skin is found to be a curve which terminates at a 
least exposure corresponding to a longest latent time. Beyond this the 
exposures are not sufficient to produce visible erythema. The latent time 
tends to a limiting value as the time of exposure is increased. 

The results shown were obtained by making frequent observations on one 
day of numerous small areas of skin not usually exposed to light and on one 
subject. It would be expected that similar curves would be obtained with any 
other individual subject. 

The results suggest that for scientific purposes the observation of the latent 
time pro\ddes the most accurate and simple way of estimating the effect of the 
ultra-violet radiation on the skin. No apparatus is necessary except a watch. 
Moreover the difficulty of comparing the results of one observer with those of 
another, when these are based on measurements of the degree of erythema, 
are obviated. 

§ 6. Summary. 

Consistent results regarding the biological action of ultra-violet radiation, 
as measured hf the resulting skin erythema, can be obtained provided the 
precautions described in the paper are taken. The relation between the latent 
time {i.e.y the time which elapses between exposure and the first visible signs 
of erythema) and the time of exposure to radiation of a constant intensity, is 
exhibited in graphical form. The curve terminates at a least exposure corre- 
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sponding to a longest latent time ; beyond this the exposures are not sufficient 
to produce visible erythema. The latent time tends to a limiting value as the 
time of exposure is increased. The curve is very similar to that which is 
obtained when the time of exposure to light of a photographic plate is plotted 
against the time which elapses before the first appearance of the image during 
development. 

The latent time of erythema provides the most accurate and simple 
way of estimating the effect of ultra-violet radiation on the skin, and it is 
easily measured. Moreover the difficulty of comparing the results of one 
observer with those of another, when these are based on the measurement 
of the degree of erythema, are obviated. Observations of the degree and 
duration of erythema can confirm roughly the results obtained by measuring 
the latent time. 

When it Is desired to get the maximum contrasts due to differing conditions 
of radiation, exposures should be chosen which will lie on the steep part of 
the curve, corresponding to rapid variations of the latent time with exposure 
and to slight erythemas which will even visually differ one from another more 
than will deep erythemas. 


HEFERBNCKS. 

Hausser and Valile (1922). ‘ Strahlentherapi©,' vol. 18, p. 4. 
Memmesheimer and Mathaei ( 1930). * Strahlentberapie/ vol. 85, p. 339. 
Uajewaky (1929). * Strahlenthcrapio,’ vol, 88, p. 367. 

SohaU and Alius (1925). ‘ Strahlontherapie,’ vol. 19, p. 796. 

8hattook and Waller (1929). * Loncjet,’ vol. 217, p. 917. 

Bpiiier and Bttttenauer (1930), ‘ Strahlenthorapie,’ vol. 86, p. 136, 
Uhlmann (1980). * Stralilontherapie.’ vol. 85, p. 261. 




The Bdaiion between Energy Boses of Ukra-Vkiet Eediation 
Actinic Erythema Produced. 

By Marv D. Waller, B.Sc., Lecturer in Physics, London (Royal Free 
Hospital) School of Medicine for Women. 

(Communicated by Sir Edward Sharpey-Schafer.— Received March 2, 1931.) 

[Platb ISaJ 

§ 1. Inlroducliott. 

The purpose of the investigation was to ascertain what relation exists 
between the effect of radiation from a mercury vapour lamp on the sldn, as 
measured by the visible actinic erythema, and the total amount of radiation 
energy or “ dose ” received. 

An international unit of intensity for u}tra*violet radiati(m is under dis* 
oussion. Whether a physical unit or a biological one based on erythema of 
the nlfin be finally adopted, erythema will alwa}^ remain one of the most 
important phenomena occurring in actinotherapy and one which gives some 
direct information regarding the response of an individual to radiation. 

It is often assumed that an alteration in the intensity of ultra-violet radiation 
will not alter the degree of erythema, provided the same “ dose ” be 
Ho such a prion assumption is possible regarding the relation to be expected 
between the degree of biological action and the intensity of ultia-violet radisr 
tion. Indeed the amount of each specific lnologic<d reaction resulting fii^ 
any specific kind of radiation— y-rays, X-ra 3 r 8 , or ultra-violet rays, must be 
studied separately as regards determining whether, when the intensity of 
irradiation varies and the dose (intensity X times) is kept constant, the amonnt 
of biological action is the same. 

laechti (1929) gives an interesting tabtdated summary and full references 
of the results of some 21 experimenters, in which the t 3 rpe of radiation, the 
object radiated and the “time factor ” are ocdlected, a photOroMmloal 
reaction in which the Bunsen-Roscoe law holds, the 'product of tire intenmt^ 
of radiation and the time of exposure is a oonitant. h time factor eofoal to 
unity oonetponds to the above rtiatibn, a thha fao^ 1«i# m than 

unity indioatea that for weaker intenaitiea of xadhitimi tim expoeure 

must be irmreaaed or dimiuahed cooeifipoudbBglyi Th# ocmstimt is less in 
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12, equal in 6, greater ia 6 of these experimente. The majority of the experi- 
ments were conducted with X-rays and of the three conducted on the skin 
the constant is less than unity. There is at the present time general agreement 
with regard to this fact (Canti, 1929). 

With regard to the effect of ultra-violet radiation, Seide (1928) gives the 
constant for the rate of destruction of Ascaris eggs as unity, a recent paper by 
Qentner and Schwerin (1930) gives a constant of 0*9 for the rate of coagulation 
of albumen, while Perthes (1924) and Freund (1920) give a constant of less 
than unity for skin eiythema. 

Angus’s (1927) conclusions regarding skin erythema would correspond to a 
time constant of unity. He used an iron cored carbon arc and made exposures 
on a boy’s chest varying the distances between 37 and 98 cm. A Griffith photo- 
eleotric cell was used for measuring the intensity of the radiation. H. J. 
Taylor (1929) on the other hand, using a mercury vapour lamp at distances 
varying from 20 cm. to 100 cm. and measuring the intensity of radiation by 
means of a thermopile, gives conclusions corresponding to a time constant of 
less than unity. 

In view of these conflicting results, it seemed desirable to undertake a careful 
investigation over a large range of intensities of irradiation taking the pre- 
cautions which have been advocated in the preceding paper to measure the 
effect of the ultra-violet radiation and paying very particular attention to the 
way the intensity of the radiation will vary with distance. The paper also 
shows the relation connecting dose and latent time. 

§ 2. Experin^mtal Arrangements, 

The experimental arrangements are fully described in § 2 and § 3 of the pre- 
ceding p^er. 

In the first series of observations (made in December, 1929) a heavy rigid 
stand was set up in front of the lamp, holding a vertical screen of three-ply 
wood in which a circular aperture of diameter 1*2 cm. had been cut.' The 
aperture was adjusted to the same level as the centre of the lamp. Positions 
for the stand were previously marked on the floor with the aid of a set-square 
and scale and the lamp was not moved during the experiments. The radiation 
fell normsily on the ddsu 

The subject (M.D.W.) stood with the area to be irradiated against the 
aperture. It is possible, though somewhat tr 3 dng, to stand thus without 
appreciable movement for as long as an hour. The exposures were made in 
the earlier part of day and were adjusted to give faint erythemas of about 
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3 hours’ latent time and 30 hours’ duration. Slight erythemas can be compared 
more accurately than deep erythemas. The height of the subject was altered 
slightly by standing on one or more drawing boards on difierent days so that 
new areas were irradiated and a chart was kept recording the areas already 
experimented with. The exposures with tliis arrangement varied from 
minutes to 54 minutes. Assuming the inverse square law the distances corre- 
sponding were varied from 40 cm. to 2*4 metres. 

A second series of experiments was made in June, 1930 ; one experiment with 
the original arrangement, and the others including greater distances and longer 
exposures and an accordingly modified arrangement, in which the subject 
sat on a mattress which could be moved to different distances from the lamp 
which was held in a stand near the ground. Protection from reflected radiation 
was effected with curtains. The rigid stand had to be discarded and exposures 
were made through one to three adjacent small holes of diameter 1 ■ 1 cm. in 
a double sateen-black paper screen applied to the skin. Levels and distances 
were adjusted as accurately as possible by means of plumb lines and tape 
measures. Any errors due to the possible want of normality of the incident 
radiation would be small at long distances. It was found practicable to sit 
as long as 3 hours with this arrangement and to increase the distances up to 
5*6 metres. 

In a third series of observations areas of 0*7 cm. diameter were exposed 
(see Plate 15b), and the number of areas exposed on a single morning was 
increased to 15. 


§ 3. Law of Inverse Squares. 

For a point source, I ss P/D2, where I is the intensity of radiation at a 
distance D, away from a source whose radiating power is P. The mercury 
vapour arc being 7*5 cm. long, it was considered necessary to see whether this 
law could be assumed for the distances in question. 

I found difficulty in using a Griffith photo-electric cell for the estimation of 
the intensity of radiation when this varies over wide limits and to compare 
with certainty very rapid and very slow discharges of the electroscope. For 
short distances it seems impossible to avoid some pin-hole camera effect on 
the photo-electric surface and the condition of illumination of the surface was 
not the same as at greater distances even when the same diaphragm was 
retained and the high intensity radiations reaching the cell were reduced by 
means of filters. 

The following photographic method is both simple and aoonxate and in my 
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opinickn to be preferred. I have found that P.O.P. (Seltona) paper is vijadbly 
about four times more sensitive to variations in length of exposure than is the 
skin* A piece of paper in which 21 holes had been made was pinned on a 
drawing board over a piece of the P.O.P. paper. The board was placed at 
three different distances from the lamp, and for each distance a series of 
exposures was given by appropriately shielding or exposing the holes, see 
Table 1. The exposures were chosen so that the ‘‘ dose ” (intensity X time 

Table I. 


DiitanoM, 


Expt^iiures in minutee and seconds. 
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80 

1 0 

1 30 
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2 30 1 

3 0 

3 30 

4 0 

\ 

40 

1 

0 16 

0 22-5 

0 30 

0 .37-6 

0 45 1 

0 52-5! 

1 0 


of exposure) in any one vertical column would, if the inverse square law holds, 
be the same, and therefore the resulting darkening the same. By reference to 
the figure on Plate 15 b it will be seen that the images are visually equal for 
the distances 80 cm. and 120 cm. and would be, a fortiori, equal for greater 
distances ; while for the smaller distance, 40 cm., there is but a slight departure 
from equality. The inverse square law will be assumed in what follows.* 

§ 4. Results and Conclusions. 

First and Second Series of Experiments . — A large number of data were 
obtained in the first and second series of experiments the results of which will 
be summarised briefly, while the results of the final set of experiments in which 
more data were obtained on any one day will l>e exhibited in graphical form. 

In the first and second series one day’s observation consisted in giving equal 
** doses ” assuming the inverse square law at three distances, for example : — 


Table II. 
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* firms assure me that Seltona paper used under these eon- 

ditkxns moreover 1 verified this using a Polntolite lamp. 
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Comparisons will be based upon the observations of the latent times, the 
degrees and the durations of erythema being used as confirmatory evidence. 
It has been shown in the preceding paper that this is the most accurate measure- 
ment to make. The latent time is estimated to within a quarter of an hour. 
The conclusions to be drawn depend, of course, on the number of the experi- 
ments and whether any consistent tendency for the latent time to increase 
or decrease is apparent. The conclusions were made for each day separately, 
as even with rheostat adjustment the lamp does not bum exactly the same way 
from day to day. The distances were increased up to 6-64 metres ; for such 
distances, in order to keep the length of exposure within practical limits, the 
aim was to produce very long latent times (6 hours) corresponding to very 
faint erythemas (already fading in the evening and no longer visible the 
next morning). The times are measured from the middle of the exposures — 
for example, with distance 80, 120, 564 cm. the exposures given were 2*3, 
5*2 and 120 minutes respectively and resulted in visually equal, very slight, 
er 3 rthemas which appeared only after 6 hours and had faded by the next 
morning. The conclusions reached from 12 days of experiments is that the 
time factor is unity. 

Third Series , — ^The most striking way of exhibiting the relation between 
dose and resulting erythema, provided enough data are available bora a single 
day’s observations, is by means of a graph. The data already exhibited in 
graphical form in fig. 4 of the preceding paper have been taken and the result 
of plotting the dose = intensity of radiation X time, against the latent time 
is shown in fig. 2. Fig. 3 has been similarly obtained from fig. 6 of the pre- 

7 
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ceding paper. It will be observed that in both figures the three curves lie on 
a single curve and confirm the conclusion already reached, that, provided the 
total quantity of radiation or “ dose *’ is the same, the biological action on the 
sldn as measured by the latent time for the production of visible actinic erythema 
is the same. 

In the above experiments the distances have been varied over very wide 
limits (40 cm. to 5'6 metres) corresponding to very great variations of intensity 
of radiation (200 : 1), and we conclude that for ultra-violet radiation and 
resulting skin erythema the time factor is unity. Finally it may be emphasised 
that whereas figs. 4 and 6 of the preceding paper give the relation between 
time of exposure and latent time, figs. 2 and 3 of the present paper shows the 
relation connecting dose and latent time. 

§ 5. Summary. 

The purpose of the investigation was to ascertain what relaticm exists 
between the effect of radiation from a mercury vapour lamp on the skin as 
measured by the resulting erythema and the total amount of radiation energy 
or “ dose ” (intensity X time) received. 

The paper also gives the relation connecting dose and latent time. The 
question is of both theoretical and practical importance. It is a particular 
case of the general problem of how the extent of a biological reaction depends 
upon the quantity of any kind of radiation (y-, X- or ultra-violet rays) pro- 
ducing it. 

Particular attention was paid to the question of how the intensity of the 
radiation decreases with the distance from the source. The intensities were 
varied ovm wide limits (200 : 1) corresponding to distances varying from 40 cm. 
to 5^ metres. The effect of a given “ dose ” of the weak intensity is just aa 
great as that of the most powerful intensity used, and it is concluded that the 
production of erythema follows the Bunsen-Roscoe law for a photo-ohemioal 
action, t.e., the time factor is unity. 

If the latent time be plotted against the “ dose ” made on one part of a 
subject with the aouroe of radiation constant, but the intensity of radiation 
varying, the observations lie on a single curve, t.e., if we take a separate series 
of curves coimeoting latent time and time exposure as obtained in the previous 
paper and plot “ dose ” instead of time of exposure, the separate curves become 
one^ This curve gives the relation between the biologioal reaction of the akin 
as measured by the latent time for the production of erythema and the quantity 
of radiation received. 
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The Vital Staining of Normal and Malignant Cdls. IV . — A 

Comparison of the Vital Staining of the Parenchyma Cdls of 
the Liver with Acid and Basic Dyes. 

By R. J. Ludfobd. 

(From the LaboratoriM of the Imperial Cancer Reiearoh Fund.) 
(Communicated by J. A. Murray, F.R.S. — Received February 7, 1931.) 

[Plate 16 .] 

1. Introduction. 

The injection of an acid dyestufi such as trypan blue into the animal body 
is followed by the appearance of dye droplets in cmiiain of the cdls, particularly 
in the macrophages of the so-called reticulo-endothelial system, and the cells 
of the connective tissues, liver and kidney. Barely is any dyestufi found in 
epidermal, gland or germ cells. With a basic dye, such as neutral red, dro^ete 
can be stained in almost all the cells of the body. There has been much 
discussion within recent years as to the cellular mechanism involved in vital 
staining with these two types of dyestufis. It is generdly agreed that in 
vital staining with acid dyes, the coloured droplets that appear in the cdls 
are new formations due to die segregation of the dyestufi. Actual stainittg 
of preformed cell structures is rare, but it does sometimes oecur. For example 
tr 3 rpan blue stains the milky secretion in die mammary |^aud cells. 

A far greater variety of cell inclusions are stainable by neutral red, indudmg 
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cytoplasmic vacuoles, metaplastic bodies, mast cell granules, and acid dye 
droplets. Hence the view has been advanced that while vital staining with 
acid dyes results in the production of new formations, basic dyes stain pre- 
existing granules and vacuoles in the cytoplasm. 

In a former paper (Ludford, 1930) I have discussed the various theories 
of vital staining with basic dyes and brought forward evidence based on the 
study of acinar ceils of the pancreas to show that in vital staining with basic 
dyes a similar process of segregation occurs as with acid dyes. 

The pancreas cell was chosen for my former work because it is particularly 
favourable for observing the relationship between neutral red droplets and the 
cytoplasmic organellie. It has the disadvantage that it is unstained by acid 
dyes. The experiments here described were carried out with parench 3 rma cells 
of the liver, which are stainable intra vitally with both acid and basic dyes. 
They confirm the conclusions of my former paper that both acid and basic 
dyes are segregated by cells, and give rise to new cytoplasmic formations. 
The present communication is therefore submitted in order to show that tlie 
same principles of vital staining apply to cells of widely different functional 
activity, and it is not proposed to continue further investigation of this 
aspect of the problem as a part of this series of researches. 


2. Vital Staining wUh Trypan Blue. 

Nassonov (1926) was the first to suggest that the segregation of acid dye 
droplets in cells was brought about under the influence of the Golgi apparatus. 
He drew attention to the topographical relationship between the Golgi appara- 
tus and txjrpan blue droplets in liver and kidney cells. In these cells I was 
able to demonstrate both the Golgi apparatus and trypan blue droplets at 
the same time. My preparations showed that trypan blue droplets originated 
in these cells in relationship with the apparatus (Ludford, 1928). 

Although Makarov (1926), and Cramer and 1 (1926) found that tte Golgi 
apparatus of the liver cell undergoes alteration in form witk changes of the 
state of functional activity, yet in the majority of the cells of the liver of 
vertebrates it appears as a system of branched filaments bordering the inter- 
cellular bile oapiliaries. When a mouse is vitally stained wiHi trypan blue 
most of the dye droplets of the liver cells are to be found in titis area, a dis* 
tribution which serves to map out f^e interoellolar bile oapiliaries. 

Trypan blue drc^lets do not form to any extent in the parenchyma odls 
of the liver ci the mouse until dyestuff has been injected several times. In 
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my former paper I figured dye droplets in liver ceUs sulnequent to time 
injections of 0*5 c.c. of a 1 per cent, solution of trypan blue. 

Fig. 1, Plate 16, is a photomicrograj^h of a frozen section of the liver of a 
mouse which had received 1 *0 c.c. of 1 *0 per cent, solution of Oriibler’s trypan 
blue on the first, fourth, sixth and ninth days of the experiment. It was 
killed and the liver fixed on the tenth day. The dye droplets are seen in the 
figure at the margin of the cells, bordering the intercellular bile capillaries. 

3. Vital Staining with Vital New Bed. 

Vital new red (Qrfibler) is a good acid dye for vital staining. It is relatively 
non-toxic, but I have been unable to retain the dye granules in section after 
formalin fixation. Tissues of vitally stained animals were therefore examined 
supra vitally in Ringer solution. After eight injections of 0*5 c.c. of a 0*5 
per cent, solution given during the course of 9 days, only a very few dye droplets 
were found in parenchyma cells of the liver. More dye was seen in these 
cells after 17 injections of 0*5 c.c. of the dyestuff, given over a period of 21 
days. The dye droplets were far fewer in number than after staining with 
trypan blue, but they showed the same localisation in the cytoplasm. 

4. Vital Staining with Carmine. 

Carmine is a less diffusible dyestuff than trypan blue or vital new red, and 
for vital staining should be injected intravenously. In my experiments I 
used lithium carmine prepared according to the method of Eiyono. Before 
use it was sterilised by passing through a Berkefeld filter. This stock solution 
was badly tolerated by the mice, so before injecting it was diluted with sterile 
distilled water, the strength being increased with successive injections. The 
following injections were made intravenously into the tail vein : — 

1st day — 0*3 c.c. of 1 part carmine, 4 parts water. 

3rd day — 0*3 c.c. of 1 part carmine, 3 parts water. 

4th day — 0*4 c.c. of same dilutimi. 

6th day — 0*4 c.c. of same dilution. 

6th day — 0*6 c.c. of same dilution. 

7th day— 0*3 c.c. of equal parts of carmine and water. 

8th day — 0*3 c.c. of same dilution. 

10th day — 0*3 c.c. of same dilution. 

Mice were killed 4 hours, after the last injection. Pieoes of liver wwe fixed 
in form<d salt and frozm sections were stained with Harris’s hemato^^pim. 
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Btepanitions showed the Kaider cells heavily ladea with carmine, but relatively 
little was seen in the parenchyma cells of the liver. The dyestufi present, 
however, showed the same distribution as the droplets formed after vital 
staining with trypan blue. 

5. Fitol Staining with Eonn and Orange 0. 

Unlike the dyes to which reference has already been made, eosin and orange 
G on injection into the animal body are not segregated in droplets. Eosin 
diffuses nearly twice, and orange Q approximately three times as fast as trypan 
blue in a 10 per cent, gelatine gel. Eosin is lipoid soluble, but orange G is not. 
In my tests with these dyes 0*5 c.c. of 0'6 per cent, solutions were injected 
daily for 4 days, on the fifth day 1*0 c.c. was injected. Mice were killed, and 
the liver cells examined in Ringer solution 2 hours after the last injection. 
The parenchyma cells appeared to be diffusely stained. There were no dye 
droplets to be seen, either in the parenchyma cells, or even in the Kupfer cells. 
The latter were intensely stained by the other acid dyestuff) employed. 

6. Vital Staining wUh Neutral Red. 

Michaelis (1900) showed that after the injection of the basic dye neutral 
red, dye droplets appeared around the periphery of the parenchyma cells of 
the liver. More recently Domesco (1930) has described the distribution of 
neutral red droplets between the nucleus and intercellular bile capillaries. 
Following the intraperitoneal injection of 1 c.c. of 0*5 per cent, solution of 
this dye into the mouse the liver cells are intensely stained in less than an hour. 
It is possible to make permanent preparations of the vitally stained liver by 
the method of Gardner described in my previous paper (Lndford, 1930). 
Fig. 2, Plate 16, is a photomicrograph taken from such a preparation. It 
shows the dye droplets localised in the same area of the cells as in vital staining 
with trypan blue. 

7. The “ Krinom." 

In my previous paper reference was made to the granules formed in cells 
after intense staining with neutral red, which Chlopin calls the " ELtinom,” 
and believes to be of a protein nature. He has recently (1930) brought forward 
evidemoe to show that the “ Krinom ” formed as the result of vital stainu^ 
with acid dyes is a basic protein, since it stains in sections with acid dyes, 
while the " Krinom resulting from vital staimng with basic dyes is to be 
regarded as an acid protein. Chlopin has figured the “ Krinom resulting 
Ilona vital stainii^ with oeutral red in liver cells of tira frog as irregular shaped 
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granules grouped around intercellular bile capillaries, in the same area of the 
cell as the Oolgi apparatus is located. 

I find exactly the same arrangement of the “ Krinom " in liver cells of the 
mouse. My preparations were made from the livers of mice which had received 
three daily injections of ()'5 c.c. of an 0-5 per cent, solution of neutral red 
(Qriibler) and one injection of 1 *0 c.c. Mice were killed 6 hours later, and small 
pieces of liver were fixed in HeUy’s fluid, and sections were stained with eosin- 
azure. The “ Krinom ” stains blue against the pink background of the 
cytoplasm, and such preparations resemble those obtained by counterstaining 
with a red dye sections of the liver vitally stained with trypan blue, since the 
granules in both cases occur in the same region of the psrench)rnia cells. Fig. 3, 
Plate 16, shows the arrangement of the “ Krinom ” granulation in relation to 
the intercellular bile capillaries. 

8. VtUd Staining with BriUiant Cresyl Blue and Toluidin Blue. 

According to the determinations of von MoUendorff (1921), brilliant cresyl 
blue diffuses more rapidly, and toluidin blue more slowly than neutral red. 
All are lipoid soluble basic dyestuffs, but are readily flocculated in contact 
with acid colloids. 

Mice were vitally stained with brilliant cresyl blue (Qriibler) and toluidin 
blue (Qriibler) by injecting 0*5 c.c. of 0*5 per cent, solutions subcutaneously, 
and also intrapeiitoneally. Thin slices of liver were examined in Ringer 
solution at intervals after the injections. With both dyestuffs purple granules 
of varying sizes made their appearance in the same region of the parenchyma 
cells. 

9. Vital Staining with Methyl Videt 6B and Rhodamin B. 

Both of these basic dyestuffs diffuse more rapidly than neutral red ; but 
rhodamin B is not flocculated by acid colloids at all, and methyl violet 6B is 
only flocculated to a negligible extent. They are both soluble in lipins. When 
injected into mice in 0*5 per cent, solution they failed to stain any granules in 
the parenchyma cells, but appeared to stain the cytoplasm diffusely. After 
five daily injections of 0*5 c.c. of an 0*4 per cent, solution of rhodamin B no 
dye droplets could be seen in the liver cells. 

10. The Nature of the VUdUy Stained Oramdee. 

The experiments described in the preceding paragn^hs have shown that 
there are both add and basic dyes which are capable of wid iming the formation 
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of oolotired droplets in parenchyma cells of the liver. With both classes of 
djestuff the droplets collect around the margins of the cell, bordering the bile 
capillaries. The chief distinction between acid and basic dyes is the longer 
time taken to produce a granular staining with an acid dye such as tiypan blue 
than with a basic one such as neutral red. Twenty minutes after the intra* 
peritoneal injection of 1 c.c. of a 0*5 per cent, solution of neutral red, liver 
cells are intensely stained. Two hours after the injection of the same amount 
of a 0*6 per cent, solution of trypan blue, no dye droplets are visible. After 
24 hours only a very few droplets can be detected. The problem arises here 
as to whether basic dyes stain vacuoles present at the periphery of the liver 
cell, or whether the dye droplets are new formations, as are those which origiuate 
in vital staining with trypan blue. In a previous paper I have figured dye 
droplets in association with the Oolgi apparatus of the liver cell in mice vitally 
stained with trypan blue. We have conclusive evidence in such a case that 
the dye droplets are new formations. In order to investigate whether basic 
dyes induce a similar formation of droplets, mice were vitally stained by 
injecting 1*0 c.c. of an 0-6 per cent, solution of neutral red intraperitoneally, 
and osmic impregnation preparations made of the liver after various intervals 
of time. Small pieces of liver were fixed in Champy’s fluid 25 minutes, 1 hour, 
4 hours, 7 hours and 24 hours respectively after injection of the dye. The 
tissues remained in the fixative 24 hours and were then washed in running 
water for another day, then in distilled water, repeatedly changed for a further 
6 hours. They were next transferred to 2 per cent, osmic acid in an incubator 
kept at 36° 0. for 4 day^, then washed in several changes of distilled water, and 
left overnight in distilled water kept at 36° C. to complete the reduction of the 
osmic aoid. Sections were cut 3 p in thickness, and were put into turpentine 
for an hour to remove the black fat droplets. Neutral red was employed for 
stuning as described in my former paper. In sections of the liver fixed half- 
an-hour after injection of the dye numerous granules are to be seen in contact 
with the blackened Golgi apparatus. They present an appearance identical 
with that seen in figs. 16 to 19 of my former paper (Ludford, 1928). Granules 
are seen in tiie pn^mration of the livers fixed at later intervals, but they are 
fewer in number after an hour, and not discernible after 24 hours. 

Similar preparations were made after vital staining with the basic dyre, 
rhodamin B, and the add dye, (Bosin. No such granular aggregations were 
semi as occur after stiunii:^ with trypan blue, or neutral red, even after six 
dafly injections of these dyeatofis. 

When thin slices of mouse liver are examined microscopically in Ringer 
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solution some of the cells are seen to contain fine pale yeUow granules, or droplets 
in the same area. These normally occurring granules are smaller than most 
of the droplets formed after the injectipn of neutral red or cresyl blue. They 
probably represent constituents of the bile in process of excretion. In sections 
of liver fixed in Champy’s fiuid similar granules can be stained by neutral red, 
but I have been unable to stain droplets formed as the result of vital staining 
with neutral red after the same fixation. 

A striking confirmation of the new formation of droplets is afforded by 
comparing osmic impregnated preparations of the liver vitally stained with 
neutral red with those of controls. Small pieces of Champy fixed liver were 
treated as described above. Sections were bleached in hydrogen peroxide 
(1 part of HgO, to 4 parts of 80 per cent, alcohol). They were stained with 
neutral red. Numerous granules were present in the vitally stained livers, 
which presented a similar appearance to those seen in fig. 2, Plate 16 ; while 
relatively very few occurred in the control livers. There is, therefore, little 
doubt that the droplets, which appear in the liver cells after the injection of 
either an acid dye, such as trypan blue, or a basic one, such as neutral red, are 
new formations induced by the segregating mechanism of the cell. 

When the liver has been vitally stained by the intraperitoneal injection of 
neutral red, a uniform staining of the parenchyma cells has iwver been obtained 
in any of my experiments. While in some parts of the organ the cells are 
intensely stained, in others little or no dye droplets are seen. Similarly when 
osmic impregnated preparations are made of the liver a uniform impregnation 
throughout even a small fragment of tissue is extremely rare. The explanation 
of this variation most probably resides in the varying state of functional 
activity of the cells. In a former paper Cramer and I (1926) have drawn 
attention to the complexity of the functional activities of the liver cells, and 
have attempted to correlate the variations in the form of the Gblgi apparatus 
with the state of activity of the parenchyma cells. The occurrence of granules 
in unstained liver cells mentioned above, and the formation of dye droplets 
after vital staining in the same region of the cells, suggests that the dyestuff 
which enters the cell follows the normal patix of excretkm. It is therefore 
only to be expected that the degree of vital staining will be dependent upon 
the state of functional activity of the cells. 
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11. The Rdation between the Phyeico^hemioal Properties of Dyes and their Vital 

Staining Capacities. 

Although the capacity to induce the formation of dye deposits in the liver 
cells does not depend upon the acidic or basic character of the dyestuffs, it is 
clearly conditioned by certain of their properties. The rate of diffusion of 
the dye is obviously an important factor since it determines its accessibility 
to the cells. A highly colloidal dye such as carmine, or isamine blue, becomes 
deposited at the site of inoculation unless injected intravenously, while the 
rapidly diffusing dyes like eosin and orange 6 quickly spread throughout the 
body and are rapidly excreted by the kidneys. The best dyestuffs for vital 
staining, as Schulemann (1917) found, are those which have been called semi- 
colloidal and are of a medium degree of diffusibility such as trypan blue and 
neutral red. 

Once a dyestuff has entered the cell in sufficient quantity, whether or not 
it will be segregated depends largely upon the extent to which it forms colloidal 
aggregates. According to von Mollendorff (1925), die zur Granulabildung 
ftihrende Konzentrierung ist hocdistwahrscheinlich eine Dispersitatsvermin- 
derung, die durch Electrolyte hervorgerufen wird/’ 

In the case of basic dyes, von Mollendorff found that lipoid solubility played 
a fundamentally important part in determining their capacity for staining 
cytoplasmic granules and vacuoles. He found the best dyes for staining 
granules were those which were relatively slightly soluble in lipoids, but were 
readily flocculated in the presence of acid colloids. High lipoid solubility 
favoured diffuse staining of the c}toplasm. Rhodamin B is an example of 
this t 3 q)e of dye. Other characters of dyestuffs which influence their vital 
staining properties are the ease with which they undergo reduction, and their 
chemical composition in as far as it determines their physico-chemical and 
colloidal-chemical properties. 

Summary. 

(1) There are both acid and basic dyes which are capable of staining droplets 
in parench 3 nna cells of the liver intra vitally. 

(2) The dye droplets which are new cytoplasmic formations are for the most 
part arranged around the margin of the cells, bordering the inter-cellular bile 
capillaries (Plate 16). 

(3) The dyestuff, which is segregated to form these droplets, has followed the 
normal path of excretion in the cell, and the process is dependent upon its 
state of functional activity. 
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(4) Th« capacity of a dyeatuff to induce the fomatioli. of diopleta in the 
cell is dependent upon certain physico-chemical propOTties. The rate of 
difEusion determines the accessibility of the dyestufi to the cell. The formation 
of droplets is conditioned by the extend to which it forms colloidal aggregates. 
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DESCRIPTION OF PLATE. 

Each figure consists of duplicate prints one darker than the other. Murray (1030) has 
pointed out that these, when viewed through a stereoscope, are effective in bringing out 
slight differences in contrast. The term ** pseudosoopio ** has been introduoed to describe 
this method of binocular examination of photomicrographs. 

Fio. 1. — ^Dye droplets in parenchyma cells of the liver after intra vUam staining with trypan 
blue. Frozen section counterstained with neutral red. 

Fia. 2. — ^Dye droplets in liver cells after intra vitam staining with neutral red. Paraffin 
section prepared by Gardner’s method. 

Fra. 3, — Krinom ” granules or deposits formed in the cells after intra vUam staining with 
neutral red. Paraffin section. Kelly fixation. Eosin azure staining. 
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Recovery Heal in Muscular Contraction toithoui Lactic Acid 

Formation. 

By MoKksk Catteu.,* T. P. FENO.f W. Habtbee, A. V. Hill, F.B.S., and 
J. L. PABKmaoN, from the Departmeut of Physiology and Biochemistry, 
University College, London, and the Physiologiial Laboratory, Cambridge. 

(Received March 3, 1931.) 

In a comparison of muscles poisoned with mono-iodo-acetic acid (lAA) in 
the presence and in the absence of oxygen respectively, Lundsgaard (1930) 
found : — 

(1) That the spontaneous breakdown of phosphagen in poisoned resting 
muscle is much more rapid under anaerobic conditions. 

(2) That the onset of the characteristic contracture produced by lAA is 
accompanied always by an incre.ase in the rate of oxygen consumption. 

(3) That the concentration of lAA which will prevent lactic acid formation, 
while leaving " respiration ” intact, must lie between certain narrow 
limitB ; a small frog’s sartorius (JR. temp.) exposed for 1 hour at 16^ C. 
to a concentration of 1/30,000 in Ringer’s solution was sufficiently 
poisoned to prevent lactic acid production, but might do far more 
work in oxygen than in nitrogen ; moreover, after a given amount of 
stimulation, in spite of having done more work, the oxygen muscle 
might contain far more phosphagen than the nitrogen muscle ; 

and having found that the phosphate liberated as the result of phosphagen 
breakdown may be largely removed by esterification with hexose he suggested : 

(4) That under certain undefined conditions this removal by esterification 
may be so rapid that oxidative resynthesis of phosphagen nriiy be 
rendered diffictdt or impossible. 

At Dr. Lundsgaard’s suggestion one of us (W.H.) in September, 1930, made 
a few experiments to find whether the “ initial ” heat production in an lAA 
muscle is in any way different from that in a normal one. The result—the 
complete absence of such a difference— is described by Hartree (1931). Recently 

* Goraell Univenity Medical College, 
t Tsing Hua University Fellow. 
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FiBoher (1931, p. 510) has reached the same conolosion, except that he believes 
the relaxation heat to bo somewhat more spread out after poisobing. Follow- 
ing these experiments on the initial heat the dela}red heat in oxygen also was 
studied ; it became evident thafr a normal amount of “ recovery ” heat might 
occur after a short tetanus, in a muscle not too heavily poisoned. 

The recovery heat can be studied in several ways : — 

(A) By analysing the deflection-time curve after a single short tetanus, by 
means of a heating-control, as described in a variety of investigations 
(Hill, 1913 ; Hartree and Hill, 1922 ; Hartree and Liljestrand, 1926). 

(B) By comparing the total heat for a series of twitches in oxygen with the 
total heat in nitrogen (Hill, 19286). 

(C) By stimulating a muscle in nitrogen, measuring the heat, replacing the 
nitrogen by oxygen and measuring the recovery heat separately. 

(D) By subjecting a muscle to anaerobic conditions at rest and then intro- 
ducing oxygen. 

Each of these methods has been applied to the case of muscles poisoned with 
lAA, and each has shown the existence of “ recovery ” heat. Fischer’s con- 
trary conclusion (1931, p. 511) is presumably due, as he suggests, to the use 
of relatively high concentrations (e.i9r., 1/2,000) of brom-acetic acid, though it 
may conceivably have been caused by a difference between the bromine and 
the iodine compounds, or perhaps by some impurity in his brom-aoetio acid. 

(A) The Recovery Heat e^ter a Single Short Tdanus . — ^The recovery heat pro- 
duction following a short tetanic stimulus in oxygen was investigated first. 
A pair of sartorii of R. temp. (October and November, 100 to 160 mg. the pair) 
was soaked in Binger’s fluid (pa 7*4, phosphate 10 mg. P/100 c.c.) and mounted 
on a thermopile (constantan-iron couples, shellac insulation, vulcanite chamber). 
A solution of lAA (nearly always 1/25,000) in Ringer’s fluid was run into the 
chamber, and left there for an hour or more with oxygen babbling through. 
A longer time of soaking was frequently tried, but if it exceeded 1^ hours there 
was almost invariably a spontaneous evolution of heat 2 to 2} hours after the 
drug was first given. Since i hour had to be allowed, after the solution was 
removed from the chamber, for a steady zero to be reached, and since each 
recovery heat record had to be continued for J hour in order to ensure that the 
final zero was reliable (although the recovery heat itself ceases earlier) even the 
first record was likely to be spoilt by this spontaneous heat production if 
soaking was too long. Exposure for 1 hour to a 1/25,000 solution probably 
gave quite sufiScient time at room temperature (16® to 174® C.) for the drug 
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to have its characteristic effect, since the spontaneous evolution of heat then 
usually ocetjtrred 2| to 3 hours after the drug was first given and visible con* 
tracture at 3 hours. These times refer to the case of a muscle in oxygen 
after soaking ; in nitrogen they were far less — which confirms Xundsgaard’s 
point (1) above. 

Note on the Eaiimation of the Recovery Heat , — ^Towards the end of the recovery heat 
reoords, after 20 minutes or so when recovery was probably complete, the galvanometer 
always showed a small positive deflection, usually lees than 5 mm. out of a maximum 
deflection of 500 mm. (representing the initial heat). This small deflection was observed 
for a further 5 or 10 minutes and then it could be seen what allowance was necessary 
(uniformly distributed over the time of the whole record) on account of zero-motion, etc., 
to make the Anal readings after 15 or 20 minutes constant. The amount of this constant 
was then subtracted from all the readings, from the start of the rect>rd, when calculating 
the total heat. Even if there be some doubt of the oorreotness of this procedure it does 
not affect the difference between the recovery heats before and after poisoning, since, 
' f ortunately, the mean of eight determinations of the final constant deflection was found 
to be exactly the same before as after poisoning. If the procedure be omitted altogether 
all the recovery heats appear to be about 0*3 gieater (expressed as a fraction of the initial 
heat). In the foUowing, only those experiments have been taken into account in which 
the final divergence from the initial zero was quite small. In many the divergence was 
larger, owing to the onset of the spontaneous beat production referred to above. 

The stimulus was a maximal tetanus directly applied for 0*26 to ()• 4 second. 
In eight apparently very good experiments, in which the muscles were certainly 
effectively poisoned (as shown by subsequent spontaneous heat production 
and contracture) the ratio of total recovery heat to initial heat was as follows : 
1*2, 1*1, 1*0, 1*0, !•!, 1*06, 1*05, 1*1. Mean about 1*1. In seven good 
experiments before poisoning, three of which were on muscles subsequently 
poisoned and coming in the above series, the recovery heat was also about 
M. 

The earlier contractions therefore of muscles not too heavily poisoned show 
exactly the same total recovery heat as normal muscles* 

On analysing the results, however, a distinct difference appeared in the 
rate of the recovery heat production. Whereas, before poisoning, the maidmum 
rate was 0*0075 of the initial heat per second, occurring at about 4:5 seconds 
after tiie stimulus (mean of three results), after poisoning it was 0*0049 
occurring at about 75 seconds (mean of eight results). Oorresponding to the 
lower rate near the start the rate was higher later on (after 4 minutes). See 
fig< l. In several of the earlier experiments, in which the time of soaking in 
the solurion was hours or more, the total recovery beat could not be even 
roughly estimated because of the early spontaneous heat production ; it was 
von.ovni.— B. x 
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obvious, however, from the numbers at the beginning of the record, that the 
maximum rate of recovery heat production was sometimes much less than that 
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Pio. 1. — Analyses of the first 4 minutes of the recovery beat after a tetanus of 0*3 second. 
Sartorii of R, temp., November 10, at 17"^ C. The analyses were made in 10 second 
intervals* so the stepped lines show the heat occurring during each 10 seconds ; for 
the first step the method gives only an approximate result. Full line^ muscle un- 
poisoned in oxygen. Dotted line, same muscle after soaking for 1 hour in oxygenated 
lAA solution. 1 /25,000, in the thermopile chamber. Tiie solution ni'as replaced by 
•oxygen and 20 minutes allowed for the galvanometer to settle. The total recovery 
heat in each case was approximately 1 * 1 times the initial heat, and took 15 to 20 
minutes. 

given above. This probably means that, in such cases of longer soaking, the 
recovery heat is spread out over a still greater time. This slowing of the 
recovery heat production under the influence of iodo-acetic acid is in agreement 
with Lundsgaard's conclusion (3) above that the drug interferes with respira- 
tion, though in a lesser degree than with lactic acid formation. 

(B) The Recovery UeM for a Series of Twitches . — A pair of muscles {R, temp. 
or R. e.sc.) was momited on a thermopile and soaked in Ringer's fluid in a 
thermostat at 20 • 3^ C. The thermopile had silver-constantan couples, paraffin- 
ehellac-bakelite insulation, and a glass cover. After a sufficient period of 
soaking the Ringer’s fluid was replaced by oxygen. As soon as a steady base 
line was obtained a series of maximal single shocks was given (about 30 in 
2 minutes) anti the total heat determined from the area of the deflection-time 
curve of the galvanometer (see Hill, 19286, p. 186). The twitches were iso- 
metric and their tensions were recorded on a smoked drum. The total heat 
in oxygen divided by the sum of the tensions (Ho/ST) was calculated. 

In some experiments the oxygon was then replaced by nitrogen and the 
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procedure repeated, the quantity H^j/ST being obtained. Oxygen was then 
introduced again, and recovery allowed to occur. 

Next an lAA-solution in Ringer’s fluid was introduced and well stirred by 
bubbling oxygen. After 45 minutes the solution was replaced by oxygen and 
when a steady base line was obtained the proe^ure repeated a third time. 
The quantity Hp/£T was obtained, P representing the poisoned muscles. 

Details of the experiment and the method of calculating the results are shown 
in fig. 2. The only difficulty, or uncertainty, arises from the fact that the 
resting heat rate in oxygen, above which the heat due to stimulation is measured, 
increases considerably as the result of activity. The method of making the 
necessary allowance is described in the legend of fig. 2. This increase in the 
resting heat rate in oxygen is further discussed below. 

It was shown by Hill (1928b) that, on the average, Hq/ST Is about 2 • 1 times 
H^/2T. In Table I, therefore, the heats are multiplied in each experiment by 

Table I. — Recovery Heat of Muscles Poisoned with Monododo-acetic Acid 
when undergoing a Series of Twitches in Oxygen. 

Tho total boat wan meaaurad in each case from the area of the deflection-time curve (see 
fig. 2). With normal muscles in oxygen the correction necessary for shift of zero between the 
beginning and the end of a given set of observations was negligible. With lAA muscles there 
was always a relatively large increase in the resting heat rate in oxygen after stimulation and 
** recoveiy,'^ and allowfuloe wae made as described in the legend of fig. 2. With normal muscles 
in nitrogen the oorreetlon necessary for vapour pressure change was small and w'as made in 
the same way. 

The total heat in a series of twitches, when divided by the sum of the tensions developed, 
B.ISTf was given the arbitrary value 2-1 in oxygen [2-1 is the average value of the ratio (heat 
in 0|) : (heat in Ng), see Hill, 102Sa]. 


Bate. 

lAA. 

Oxygen. 

Nitrogen. 

After lAA. 

February 5 

1/20000 

21 (30) 


1-88(81) 

„ 6 

1/20000 

2*1 (31) 

— 

1*76 (81) 

M 7 

1/31000 

21 (31) 

— 

1*79(80) 

.. 9 

1/31000 

21 (36) 

— 

1*66(84) 

„ 10 

1/16700 

2 1 (30) 

MS (30) 

1*51 (30) 

16 

limm) 

2*1(31) 

0*96(29) 

t 

1*63(31) 


Note4. 

(t) The duration of soaking in lAA was always 43 minutes, 

(2) In the first experiment tensions were not measured ; it is assumed that the tensions in the 
lAA twitches were the same as in the normal twitches. 

(9) Number of twitches given in brackets : alxiut 2 minutes' stimulation in each case. 

a factor, to make Ho/£T equal to 2>1. In the two experiments in 

whiah Hm/£X was determined it had a value of about unity, as it should. In 

x% 
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Fia* 2, — ^Experiment of February 16. M, esc. 20*3'^ C. Lower half of figure, deflection- 
time curves of galvanometer connected to thermopile during 2 minutee* stimulation. 
Actual observations. Inset : record of isometric twitches of the three series — (i) 
top and hollow circles, muscle in oxygen ; (ii) middle and crosses^ same muscle in 
nitrogen ; (iii) bottom and full circles, same muscle in oxygen after 4o minutes in 
1 /26,000 iodo^acetic acid. Uppvr half same experiment^ curves drawn for N.^ and lA A 
from the observations. Different scales in the two parts (right and left) to exhibit 
the cui ves l>etter. The total heat is given by the area of a curve above its appropriate 
‘‘ baHe-line.** Each base-line is drawn horizontally from the final position on the 
right, till it meets the vertical at the end of stimulation. From this point it is drawn 
straight to tJie origin. The displac'cment of the base-line in the nitrogen experiment 
was due to the increased depression of vapour pressure ; in the lAA experiment it was 
due to the increased resting heat production in oxygon a]wa 3 n» found after lAA 
poisoning ; in the oxygen experiment there was practically no dis placement. Total 
heat divided by total tension (H/ET) was given the arbitrary value of 2* 1 for oxygen. 
For nitrogen it w'as then 0'96, for oxygen after lAA 1'63. There is clearly con- 
siderable recovery heat in the lAA- muscle. 

all the experiments Hp/ST is far above unity, averaging about 1 • 65. No 
great significance is to be attached to the precise value of the average, since 
the concentration of the poison varied from one experiment to the other. 
There is no doubt, however, and this is most clearly seen in the upper curves 
of fig. 2, that a considerable amount of recovery heat occurs. The muscles 
were all adequately poisoned — ^they all showed the characteristic contracture 
fully developed in later stimulatiou—but no contracture or “ spontaneous 
heat ” was to be detected in the course of the observations themselves. 

It was shown by Fischer (1931) and by Meyerhof, Lundsgaard and Blaschko 
(1930) that, in a twitch, the ratio of initial heat to tension developed is un- 
changed by lAA poisoning. This very important fact we have verified in 
special experiments described below. Thus, if there were no recovery heat in 
the lAA-muscle the quantity Hp/IIT should be about unity ; tiie fact that it is 
about 1 * 65 means that the recovery heat is about 0 ■ 65 of the initial heat, which 
is about 60 per cent, of its normal amount. It may be that we have over- 
allowed for the shift of base line of the LAA-muscle ; it would be easy and 
reasonable to allow less ; in that case the recovery heat might be made a 
rather greater fraction of its normal value. The full recovery heat in this type 
experiment cannot apparently be found, but a large fraction of it can. 

(C) The Recovery Seat Determined by Admitting Oxygen afier Anaerobic 
RUmuiation. — ^The recovery heat production can be separated from the imtial 
heat production, and independently measured, by a method described by 
Hjll (19286, p. 188). The muscle, lying on a thermopile in nitrogen, is stimu- 
lated by a series of induction shocks and its heat determined. Oxygen is then 
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introduced, recovery sets in at once, and the heat associated with it is measured 
from the area of the deflection-time curve of the galvanometer. At 20® C. 
recovery from 60 twitches is complete in less than half an hour, and the 
galvanometer returns to, or nearly to, its original position. This method has 
been applied to muscles poisoned with iodo-acetic acid, with results given in 
Table II and fig. 3. 

Table II. — “ Recovery ” Heat on Introducing Oxygen to Muscles Poisoned 
with Iodo-acetic Acid (lAA) end Stimulated in Nitrogen. 

Sartorii of JR, esc , — Recovery heat an a fraction of heat produccKi by contractions in nitrogen, 
(A) calculated from curved l)aso line (broken line, fig. 3), (B) calculated from horizontal base 
line (dotted lino, fig. 3). All muscles on stimulation later showed the tyjfical lAA contracture* 



1 

i 

i 

Time in 

N, 

No. of 

Recovery heat. 

Date. 

J A A. I 

before 

Of 

twitchtiz. 

A. 

B. 

November 27 (1) 

1 /25000 for 4fi minutea 

minutes 

53 

52 

]’38 

0-86* 

27 (2) 

1 /2500() for 45 minutos 

77 

54 

159 

1-38 

„ 28(1) 

1 /25000 for 45 minutes 

43 

52 

0-69 

0-60 

28 (2) 

1 /25000 for 47 minutes 

58 

52 

0-69 

0-47 

February 2 

1 1/31250 for 45 mimites 

35 

49 

1 21 

1-21 

3 

1 1/20000 for 45 minutes 

:i5 

30 

0*82 

041* 

„ 4 

I 1/31250 for 45 minutes 

40 

44 

0’80 

OM* 

„ 5 

1 1/31250 for 60 minutes 

1 45 

30 

0-74 

0-60 

„ fi 1 

1/16700 for 45 minutes ; 

i 30 

41 

0 35 

OIS 

„ 0 i 

1 1 /16700 for 45 minutes 

36 

32 

0-71 

0-60 

» 10 j 

1 

j 1/12500 for 45 minutes 

1 ^ 

36 

0-85 

0-27* 


* Fig. 3. 


A pair of frog’s sartorii was mounted on a thermopile and placed in Ringer’s 
fluid (pa 7‘2, 10 mg. P/100 c.c.). After a sufficient time a solution of lAA in 
similar Ringer’s fluid was introduced and stirred by bubbling oxygen. This 
Ringer’s fluid was withdrawn, and replaced by nitrogen. The muscles were 
stimulated by a series of shocks, one every few seconds, and the heat 
recorded. When the galvanometer had returned to a steady position oxygen 
was introduced slowly (so as to cause no disturbance), and the deflection 
followed for 30 minutes or more, as shown in fig. 3. The area of the 
deflection-time curve gives the recovery heat. 

In the case of muscles poisoned with lAA a difficulty arises in measuring the 
recovery heat owing to the fact that the galvanometer fails to return to its 
original position (see fig. 3). It returned in only one (February 2) of the experi- 
ments of Table II. It is evident enough that there is a rriativriy large 
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2,0 Minutf » 

Flo, 3. — “ Recovery ” heat profluotion in oxygen of muneleB poisoned with iodo-aoetio 
acid (lAA) and stimulated in nitrogen. At time zero the galvanometer deflection is 
represented by 0 ; oxygon introdticed at time zero oausea a rapid deflection due to 
the recovery heat. The final level shown to the right after 30 minutes is joined to 
the origin by the broken line representing an assumed basal heat production. 
The recovery heat is the area above the broken line. Since this procedure is somewhat 
arbitrary a minimum value also has been found by calculating the area above the 
dotted line drawn horizontally to the final level of the curve. The circles represent 
actual observations of the galvanometer deflection. Note that the curves are not 
drawn to the same scale of heat production. For details see Table II. 

beat production, even in the case of muscles poisoned with as much as 1 /12,600 
of lAA. To measure it, however, requires the assumption of some particular 
“ base-line/’ 

In none of the experiments recorded in Table II did contracture set in until 
provoked by subsequent stimulation. The large difference of steady heat 
rate between the muscle initially in nitrogen and finally in oxygen is character- 
istic of lAA poisoning, and can be found in muscles stimulated some time 
previously to complete exhaustion. The phenomenon is discussed in detail 
below. It seems that the base-line, representing the steady resting (as dis- 
tinguished from the recovery) heat production should be drawn somewhat as 
idiown by the broken lines rising from the origins in fig. 3. The recovery heat 
is then represented by the area of the curve above this line. It may be^ 
however, that the basal heat production rises more rajndly to its final value. 
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perhaps as soon as oxygen becomes available by diffusion. In that ease the 
broken lines should have been drawn more to the left and the recovery heats 
are less. It is certain, however, that the recovery heat cannot be less than 
the area of the curve above the dotted line drawn horizontally througli its 
final level. In every case, therefore, we have calculated two values, designated 

(A) and (B) in Table II. Of these, (A) represents the recovery heat above an 
estimated basal level given by such broken lines as are shown in fig. 3, while 

(B) repre.sents the minimum recovery heat above the dotted line drawn through 
the final level of the curve. In Table TI these quantities are expressed as 
fractions of the heat liberated by previous stimulation in nitrogen. In normal 
unpoisoned muscles the fractions in question w^ould be nearly the same and 
about equal to 1 • 1 . 

There is one 8mall error, of which no account has been taken, which would tend to make 
the recovery heat ratio, as calculated, slightly too high. In addition to the heat set free 
anaerobically in the 30 to 64 twitches preceding recovery, the muBoies had always been in 
nitrogen for some time before oxygen was admitted. Their anaerobic heat production 
during this time should, had we known Hs amount, have been added to that due to activity. 
The correction, although not negligible, cannot be great. The large value in the experi* 
ment of November 27 (2) may be due in part to the long time (77 minutes) of previous 
anaerobiosis. 

From Table II we see that, whichever method of calculation is adopted, the 
recovery heat in oxygen is a considerable fraction of the heat in nitrogen which 
preceded it. Tlie lower values tend to be associated with the higher concen- 
trations of lAA, the higher values with its lower concentrations. We have 
avoided experiments with concentrations higher than 1/12,500; oven that 
concentration tends to cause the spontaneous onset of the chemical breakdown 
and mechanical contracture characteristic of the poison. 

(D) Tlie Heat Production at Rest of Musdea Poisoned tsith lodo-acdic Acid , — 
Before a muscle poisoned with lAA is stimulated, or — ^if unstimulated — ^until 
Sufficient time has clasped to allow the spontaneous breakdown and onset of 
contracture to occur, there is nothing to distinguish its rate of heat production 
at rest, either in oxygen or in nitrogen, from that of a normal muscle. When, 
however, it has been stimulated, as is seen in figs. 2 and 3 above, there is a 
relatively large increase in its rate of heat production at rest in oxygen. After 
recovery from 30 twitches the rate of heat production in oxygen at 20® C. 
is, on the average, about 80 g. cm. per gramme per minute greater than it 
was before, roughly a 50 per cent, increase. After stimulation to exhaustion 
the rate of heat production in oxygen remains very high for long periods, as 
the following experiments at 20*3® 0. on frogs’ sartorii show : 
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EwpmifMiUl* November 20. — lAA 1/25.000 for 4d minutei, than mo:i^geiL Stimulated 
to exhaustion and left in oxygen. When a constant deflection had been reached, nitrogen 
was introduced. The rate of heat production d^eased by 870 g. cm. per gramme per 
minute. 

Experiment 2. November 20. — lAA 1 /60,000 for 4fi min;utee. then in oxygen. Procedure 
as in experiment 1. Kate of heat production decreased on removing oxygen by 372 g. cm. 
per gramme per minute. 

Experiment 8. January 19. — lAA 1 /] 4,000 for 45 minutes, then in nitrogen. Stimulated 
to exhaustion and flnal resting heat rate in nitrogen measured. Oxygen then introduced. 
Ahxr a partial recovery process the rate of heat production became constant (at least up 
to 95 minutes) at 267 g. cm. per gramme per minute in excess of its level in nitrogen. 

Experiment 4. January 23. — lAA 1 /15,600 for 46 minutes, then in nitrogen. Procedure 
as in experiment 3. In oxygen the rate of heat production became constant (at least up 
to 160 minutes) at 533 g. cm. per gramme per minute in excess of its level in nitrogen. 

The effect found cannot be due to a change of vapour pressure. In experi- 
ments 1 and 2 the removal of oxygen produced the effect noted within 25 
minutes, and any slight increase of osmotic pressure due to its removal would 
work in the opposite direction. In experiments 3 and 4 the introduction of 
oxygen may have reduced the osmotic pressure somewhat, by a process of 
partial recovery, but this also would tend to diminish, and not to increase the 
effect observed. 

The high rate of oxidative heat production sometimes lasts for a very long 
time. More than once the muscle has been left on the thermopile all night, 
and the deflection in oxygen has been much the same next morning. That 
this deflection is due to a real heat production — not to a change of vapour 
pressure — is easily verified by replacing the oxygen by nitrogen, when the 
deflection becomes considerably less. In various experiments by one of us 
(W.H.) in which the total heat in nitrogen was measured, whether as the result 
of stimulation or of the spontaneous breakdown which ultimately occurs, 
when the deflection was steady oxygen was introduced ; after an early deflec- 
tion of about 130 mm., representing a partial recovery process, the galvano- 
meter finally oame back to a level about 70 mm. iu excess of its level in nitt^gen ; 
this 70 mm. could be abolished by removing the oxygen again. The increased 
heat production due to oxidation was in these cases (at 17^ to 18^ C.) about 280 
g. cm. per gramme per minute. 

The rate of heat production of a normal frog’s muscle at rest at 20"^ C. in 
oxygen (Hill, 1928a) is of the order of 100 g. cm. per gramme per minute. 
The removal of oxygen would reduce this to about 65. Thus a muscle which 
has beeu stimulated to exhaustion after treatment with lAA has a rate of 
heat production in oxygm which is oomiiderably greater than that of a normal 
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mnscle. Lundsgaard (1930, p. 66) found that the rate of oxygen consumption 
of an lAA muscle increases very much when contracture sets in. In the 
normal muscle it is supposed that the processes which go on in nitrogen 
are reversed and completed in the presence of oxygen; in the absence of 
oxygen an “ oxygen debt ” is incurred which is “ paid off later when 
oxygen is admitted. It is interesting to inquire whether the same occurs 
in an exhausted lAA muscle. 

When an lAA muscle is stimulated to complete exhaustion and left in oxygen 
its rate of heat production becomes steady at a high level. When the oxygen 
is removed the rate of heat production falls as shown in fig. 4, with a certain 



Fia. 4.-- To show “oxygen debt” of lAA muscles. 20*3® C. Circles represent actual 
observations on galvanometer scale. Upper curf^e, experixnent of February 6. Jl, esc., 
sartorii, lAA 1/16,700 for 46 minutes, muscles exhausted in oxygen 110 minutes befm 
first observation shown. Ng replaced Og, end Og replaced Ng, at arrows as indicated. 
Lower curee, experiment of February 3, B. esc,, sartorii, lAA 1 /20,000 for 46 minutes, 
muscles in oxygen 60 minutes before first observation shown. 

lag corresponding to the time required for oxygen already present to be used 
up, or to diffuse away. When oxygen is readmitted the rate of heat production 
instantly rises and rciaches a value well above the final steady level, to which it 
falls again in 30 to 50 minutes. It is clear that an “ oxygen debt ** has been 
incurred, in the sense that in oxygen, after anaerobic conditions, an excess of 
heat is given out corresponding to part of the deficit of heat during the period 
of oxygen want. It is clear also that the heat excess in oxygen is considerably 
less than the heat deficit in nitrogen. Special e 2 ij> 6 riments have been xnade to 
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verify this, a comparison being made of the heat excess after a short and after 
a long period of oxygen want. 

A “ recovery ” process of some kind, therefore, can go on in a muscle poisoned 
with lAA, even after complete exhaustion. In the absence of oxygen for 
a time some sort of breakdown continues to occur which requires oxygen 
to complete it ; its products accumulate and when oxygen is re-admitted 
a reaction takes place between the oxygen and these accumulated 
products. It is clear, however, from the fact that the heat excess after is so 
much less than the heat deficit during oxygen want, that a large part of the 
oxidation occurring in the exhausted muscle is not a consequence of these 
preceding reactions ; the heat in oxygen must l)e due to the oxidation of bodies 
which, if oxygen be absent, do not accumulate but merely are not oxidised. 

A curious and suggestive parallel exists between the observations recorded 
here on muscles poisoned with lAA and those in a previous paper (Hill, 1929) 
on muscles kept for long periods in oxygen-free Ringer’s fluid. Muscles which 
were in “ good ” condition after survival showed a normal heat-rate in oxygen ; 
muscles which were in “ poor ” condition showed an abnormally high value. 
In the “ good ” muscles the heat rate in oxygen was, on the average, about 
twice that in nitrogen ; in the “ poor ” muscles it was more than three times 
as great. In the ” good ” muscles the recovery process after oxygen want 
followed a normal course, the galvanometer returned to somewhere near its 
initial position ; in the “ poor ” muscles, after oxygen want a large deflection 
occurred and persisted apparently indefinitely ; fig. 2 of the paper referred 
to is remarkably similar to an extreme case of the phenomenon shown in fig. 3 
of the present paper for muscles poisoned with lAA. Apparently, as was 
stated in t|ie 1929 paper, “ in the dead or dying muscle at rest oxidations can 
proceed at a greater rate than in the fresh surviving tissue. It may be that if 
oxygen want is pressed to a degree at which partial, or complete, failure of 
the muscle sets in, disintegrative processes are released, in which enxymes or 
substances, normally controlled in the organised life of the cell, react at random 
with oxygen and liberate an excess of heat.” The interference with the 
mechanism provided by poisoning with lAA seems to release the same oxidative 
processes as prolonged anaerobic survival. In both oases some power of 
“ recovery ’’ from anaerobic conditions appears to remain, as shown by the 
heat excess in oxygen following a heat deficit in its absence. This, however, 
may mean nothing more than that a fraction of ^e oxidation is concerned 
with e<nnpletion of reactions which normally run part of their course in 
the absence of oxygen. 
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The Absence of an Effect of lodo^acetic Acid on the Isometric Heat Coefficient. 
—The experiments on the equality of T/H, in a shock or a short tetanus, before 
and after lAA poisoning, were performed as follows. The muscles in every 
case were in oxygenated Ringer’s fluid at 20*3® C., on a thermopile and 
attached to a tension lever. The values of T and H were determined with a 
series of maximal direct stimuli at equal intervals, until a constant value of 
T/H, or a slowly and steadily changing value, was obtained. The appropriate 
amount (1 to 2 c.c.) of 0*4 per cent. lAA solution was then introduced and 
mixed with the Ringer’s fluid, and the series continued until contracture set 
in. The results are given in fig. 5. It is not possible to obtain extremely 
regular values of the beat production of a muscle in Ringer’s fluid. In a gas 
the muscle sticks to the thermopile under the surface tension of liquid adhering 
to it ; in a solution it tends more to float in the fluid, and slight irregularities 
of contact give random variations in the heat deflection observed ; the tensions 
are more uniform. A mean line, however, drawn through the plotted observa- 
tions of T/H gives a reliable result, and it is seen from fig. 5 that no regular 
change occurred, as the result of introducing lAA, even in some cases when 
contracture was obviously beginning to set in. The muscles were certainly 
effectively poisoned, as shown by the contracture which ultimately occurred 
in every case, and experience has shown that such concentrations as 1/10,000 
of lAA cause complete poisoning within half an hour. There is no doubts 
therefore, as shown by Fischer (1931) and by Meyerhof, Lundsgaard and 
Blaschko (1930), that T/H in a twitch, or in a short tetanus, is entirely 
unaffected by preventing the formation of lactic acid in contraction. 

It has no immediate bearing on the subject of the present paper bat it is of interest to 
record that the effects of work, and of length, on the heat prodaotion occur u ncha nged in 
muscles poisoned with lAA. The Eehn effect and its modification described by Ro t , h s d i fk l» 
together with all the relations between these and the length of the muscle, were investigated 
by the methods described by Hill (1980) and found to be the same as in the normal muscle. 
These adjustments, therefore, adopting Lundsgaard^s view of the mechanism (1980, p. 81) 
occur in the primary change by which phosphagen is broken down, and ate not a property 


Fio. 6. — Seven experiments at 20*3® C. showing that in a single twitch, or a short tetanus, 
the ratio of tension developed to heat produced (T/H) is the same before and after 
treatment of the muscle with iodo-aoetio acid : muscles in oxygenated Ringer's fluid 
on a ^ermopile, stimulated at regular intervals. At the first arrow I AA*solutioii, to 
give the concentration noted, was introduced into the chamber. Observed values of 
T/H (arbitraiy units) shown before lAA by full circles, after by hollow circles. Note 
that no regular change occurred in the value of T/H, as the result of Introduoii^ lAA, 
even in some oases where contracture had obviously begun to develop. 



_ X|H __ xH 







294 A. V. Hill and others. 

iMUMWtion prooeoses in which the energy of lactic acid formation ia employed 

*0^ phoapbagea leayntheaia. 

The Recaoery Heat of Normal Muscles after Comjdete Exhaustion . — ^In a 
muscle poisoned with lAA, (i) the recovery heat observed in oxygen after 
stimulation in nitrogen is usually (Table II) less than the anaerobic 
heat which preceded it, and (ii) the recovery heat in a series of twitches in 
oxygen is less than in a similar series by a normal muscle (Table I). In spite 
of the high capacity for oxidation exhibited by an lAA muscle the power of 
physiological recovery is largely abolished and the excess energy liberated 
after activity is diminished. This is possibly due in part to the “ side-tracking ” 
of chemical bodies normally calling for restoration in recovery ; for example, 
in an unpoisoned muscle moderately stimulated the creatine and phosphate 
liberated by the breakdown of creatine-phosphoric acid are resjmthesised in 
recovery ; in the lAA muscle, however, they cannot be, since the phosphate 
has been esterified with hexose and so removed (Lundsgaard, 1930). A curious 
and possibly significant parallel to the case of the lAA muscle exists in that 
of an unpoisoned muscle stimulated to complete exhaustion (see Hill, 19286, 
footnote, p. 189). In this, “ recovery is not complete, or is extremely pro- 
tracted.” The recovery experiment shown in fig. 6 illustrates the phenomenon. 

This curious elSect has been known to us for some years and has been noticed 
many times, but no explanation of it was forthcoming. Its similarity to that 
which occurs in the lAA muscle encouraged us to make two more experiments 
to verify its existence. The actual observations in one of these are shown in 
fig. 6 : in both the recovery heat was about 25 per cent, of the heat in a pre- 
ceding anaerobic stimulation to exhaustion, instead of the 100 per cent, found 
after moderate stimulation (see Hill, 19286, p. 189). 

In the recovery observations the deflection bectmies quite constant after 
about 100 minutes, usually slightly above its level before oxygen was let in. 
At the end of the stimulation curve there is a d^nite incrmnent in defleofaon 
(in fig. 6 about 80 mm.) due to change of vapour pressure (Hill and Kupalov, 
1930). In both cases, therefore, the area most be measured above an appro- 
priate base-line : this introduces a small arbitrary factor into the calculation, 
of the kind discussed in connection with figs. 2 and 3 ; its amount, however, 
is so small that it cannot obscure the main effect. 

When the muscle has “recovered ” as shown in fig. 6, it is usually inexoitable, 
and even prolonged washing with oxygenated Ringer’s fluid, although it will 
bring back excitability (Duliire and Horton, 1929 ; Horton, 1930), will not 
restore it to good condition. Clearly something has gone amiss. Accordmg 
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to Eggleton and Eggleton (1929, p. 204) rapidly iudaoed fatigue causes a dis- 
appearance of phosphagen and an increase of orthophosphate. The two 



Fio. 6.— To show recovery heat in oxygen, after stimulation to extreme exhaustion of a 
normal muscle in nitrogen ; for comparison, the heat during stimulation also is shown. 
Vertically, galvanometer deflection: horizontally, time. Heat given by area of 
defleotion-time curve. Note that the curves are drawn for stimulation and for recovery 
with the same scale of area, i.e., of heat production, but with very diflerent scales of 
time and deflection. Circles represent actual obeervatbns. Sartorii of B. esc., 
January 16, 20*3° 0. on thermopile. After appropriate soaking in Ringer's fluid, 
Ph 7*2, 10 mg. P/100 o.o., stimulation was applied in nitrogen, 45 maximal break 
shocks per minute for 18 minutes, till the muscles were completely exhausted. Deflho* 
tion-time curve (full droles) observed for total heat on stimulation. The final steady 
deflection- was caused by condensation due to fall of vapour pressure. When the 
galvanometer was perfectly steady again oxygen was slowly introduced and the 
deflection-time curve was observed for 92 minutes. Its area gives the recovery heat. 
Note that both curves start from the origin and that the recovery heat in oxygon 
is only about one-quarter of the preceding heat by stimulation in nitrcigen. 

ohanges, however, are not equivalent, 20 to 40 per cent, of the phosphagen 
phosphorus reappearing as a heiose phosphoric ester. In the extreme fatigue 
referred to here it may be that, as in an lAA muscle, a still greater fraction of 
the phosphate freed from phosphagen is esterified : if so, it is ** side-tracked ” 
and cannot, presumably, be restored in recovery, which may be one reason 
why recovery is incomplete. The matter deserves further chemical invest!** 
gation. 

TAe P^sMogical Beoovery ef Umdee Pmoned with lodo-aot^ Acid.--- 
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Landagaaid (1930, fig. 3, p. 69) showed that it is possible sometimes to adjust 
the conditions (concentration of lAA, etc.) so that a poisoned muscle gives a 
greater number of twitches in oxygen than in nitrogen ; this means that 
physiological recovery — as distingui^ed from “ recovery ” heat production — 
must in these cases have occurred. He admits, however, that it is not easy 
to find the right conditions. The results obtained in May could not always 
be repeated in July. It is probably a question of the relative effects of lAA 
on two enzyme systems ; the one concerned with the lactic acid forming 
mechanism, the other perhaps with that by which, with energy supplied by 
oxidation, phosphagen is restored. It is apparently not easy to interfere with 
the former by lAA without equally affecting the latter. The “ recovery ” 
heat which, as we have shown above, always seems — in some measure — to 
occur may not, except under special conditions, succeed in effecting functional 
recovery. 

We wished to confirm Limdsgaard’s statement and made a number of experi- 
ments on symmetrical sartorii poisoned with lAA, one in oxygen (or oxygenated 
Binger’s fluid), the other in nitrogen (or Kinger’s fluid through which nitrogen 
bubbled). The two muscles were in similar chambers, attached to similar 
isometric levers, and stimulated about 6 times per minute by just maximal 
break shocks at the same frequency. Nineteen experiments were performed 
on the muscles of Dutch S. eae. Of these only one showed any superiority 
in oxygen, the rest no significant difference. The range of concentratiems 
explored was from 1/12,SOO to 1/60,000. 

It was then noticed that Lundsgaard had used muscles from R. temp., and 
eight experiments were performed on these, of which six gave a greater total 
tension in oxygen than in nitrogen. In two experiments there was no difierenee. 
The positive effect of oxygen occurred in either sex. The results, roughly 
estimated, were as shown in the following table. All experiments were at room 
temperature (about 17° C.), and the soaking in every case was in oxygenated 
Binger’s fluid containing the poison. The muscles were small, usually about 
50 mg. each. Only after exposure to the poison were the conditions, as 
regards oxygen, made different in the two muscles. 


Date. 



Janoaiy 29. | 

Janunry 30. 

Jannary 30* 

January 30» 

lAAIor 1 

1/2S000 

02 

1/30000 1 
60 

1/30000 

40 

1 1 

iimoo 

80 

Mmuieft 

^ (0STg&n)/irr (nitrogen) < 

a* 

1 
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Date. 


1 January 30. 

January 31. 

January 31. 

February 1 

LAA for 

Minuteii 

JCT (oxygen)/irr (nitrogen) , 

! 1/30000 

W 

1 2 

1/30000 

60 

11 

1/30000 

60 

2i 

1/16700 

46 

2 


The last two experiments are shown in fig. 7. It is clear that functional 
recovery can occur, but that it often may not, and it is curious that the two 



Fio. 7. — ^Functiouid roooyeiy in oxygen of stimulated lAA mueoles, Synunetrioal sartorii 
of B, temp, at room temperature. Muscles mounted in two similar chambers and 
ocmneoted to two similar isometric levers ; poisoned by soaking in oxygenated Ringer’s 
fluid oontainmg lAA, then one in oxygen, the other in nitrogen, and stimulated 
about 6 times per minute by maximal break induction shocks at the tame fre- 
quency, recording one above the other (O^ upper record) on the same drum. Tension 
^wnwards, read from left to right. Upper pair after lAA 1/90,000 for 60 minutes. 
Lower pair after lAA 1 /16,700 foi 45 minutes. 

species (JB. temp, and J2. esc.) should difier so much (at least in January) in 
this respect. 

The Spontaneous Heat Production and Oontraotwe . — ^In two experiments m 
whmh tile muscles were not stimulated, after being put in the lAA solution 
VOIuO^ T 
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(1 /25,000 for 1 hour), the spontaneous heat production in oxygen was observed 
to rise to its maximum rate, about 500 g. cm. (0*012 cal.) per gramme per 
minute, before there was any sign of contracture. On the other hand, when 
the muscles were stimulated after poisoning, contracture was visible very 
soon after the start of the spontaneous heat, in all but one out of eight experi- 
ments. This was the case also in one good experiment in nitrogen in which 
there was no stimulus. The spontaneous heat has a perfectly definite start, 
and certainly does not go on all the time after the solution is removed. When 
no stimulus has been given (or at a sufficiently long time after a stimulus) the 
galvanometer will remain quite steady for some time and then move off at 
a quickly increasii^ rate. Since the scale can be read with certainty to j) mm., 
it can definitely be said, within a few minutes, when the spontaneous heat 
starts. 

The total heat in oxygen caused by this spontaneous breakdown is rather 
large, but it is not easy to determine it exactly owing to the shift of aero which 
occurs, due to the change of vapour pressure and of resting heat rate. Drawing 
in an imaginary base-line similar to those of fig. 3 the total spontaneous heat 
in oxygen (R. temp.) is about 1]) cal. per 1 g. and may take 4 hours to appear. 
Almost the same total heat in oxygen is obtained in about 2 hours by stimu- 
lation {R. temp., 0*2 second tetanus every 2 minutes). The total heat ui 
nitrogen due to stimulation (Hill and Parkinson, 1931) is about 0*37 caL per 
1 g. In the stimulation experiments in oxygen the total initial beat was 
aiitout 0*5 caL per 1 g. It is clear that a certaia amount of functional recovery 
can occur in oxygen, though most of the “recovery” heat is apparently 
wastefnlly expended without producing any physiological restoration. 

The Anaerobic Delayed Heat . — Several attempts were made in lAA-musdes 
to measure the anaerobic delayed beat (if any) after a short tetanus. In the 
experiments at Cambridge, after 1 hour’s soaking in 1/25,000 lAA solution, 
spontaneous heat production occurred in nitrogen too early to allow a reliable 
end to the heat record, even after the first stimulus. In a few experiments at 
University College, after 1/16,700 lAA solution for f hour, there was very clear 
evidence of delayed heat in nitrogen : this also, however, may have been due to 
spontaneous breakdown following activity, and may not be a part, properly 
speaking, of the preceding contraction. The matter must be further investi- 
gated ; if the anaerobic delayed heat in a normal muscle is due to drdayed 
lactic acid formation (Meyerhof, 1931 ; Lehnartz, 1931) it should be absent in 
the poisoned muscle in which no lactic acid fomuition at all ocouis. It xnay 
be possible to avoid the trouble of the spontaneous Iweakdown rderted to. 
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Discussion. 

Functional recovery from activity, associated with oxidation, can clearly 
occur under certain circumstances in muscles sufficiently poisoned with 
iodo-acetic acid to lorbid lactic acid formation. Presumably phosphate and 
creatine are resynthesised to phosphagen, with the aid of energy liberated by 
oxidation. Clearly also, on the other hand, heat which in a normal muscle 
would logically be called “ recovery heat ** can be liberated, without any corre- 
sponding degree of functional restoration. The process of activity, or its 
chemical products, seems to set in train a series of reactions involving oxida- 
tion, whether or not these can result in the physiological recovery of the muscle. 
The high rate of oxidative heat production possible in an lAA muscle stimulated 
to exhaustion, even after a heavy dose of the poison, shows that there has been 
no interference with oxidative enzymes as such. The interference is pre- 
sufTkobly with the fnechanism through which the energy liberated by oxidaJtion is 
utilised for resynthesis. 

Apparently therefore there are at least two separate effects of iodo-acetic 
acid, (a) on the system by which lactic acid is formed, and (6) on the system by 
which the energy liberated by oxidation is used to drive the endothermic 
processes of recovery. These effects can be separated to a certain extent, 
since, as we have seen, some degree of functional restoration after activity 
is possible in oxygen when the lactic acid mechanism has already been 
eliminated. The coupling of oxidation with recovery has been broken by the 
second effect. Whether iodo-acetic acid interferes with still other parts of 
the mechanism is not certain, but the onset of contracture, which is so character- 
istic of the poisoning, has no obvious connection with either of the other 
effects. 

The rate of heat production in oxygen of a poisoned muscle after exhaustion 
is very high, say 400 g. cm. per gramme per minute, nearly 14 cal. per gramme 
per day. If due to the oxidation of carbohydrate this would lead to the dis- 
appearance of about 3 * 5 mg. per 1 g., i.e,, 0 * 36 per cent. The chemical deter- 
mination of such a loss should be easy. The experiment would have to be 
performed on thin muscles, to ensure an adequate supply of oxygen, A 
measurement of the oxygen consumption and of the respiratory quotient would 
give further information. 

Sunmary. 

(1) MiUKdes poisoned with mono-iodo-acetic acid (Limdsgaard) contract 
without producing any lactic acid. After contraction in oxygen a delayed 

T 2 
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heat produotion occurs, similar to that which in normal muscles is associated 
with recovery. 

(2) After the first one or two contractions of a poisoned muscle the “ recovery ” 
heat may be of normal amount in relation to the initial heat. After SO or 40 
twitches it is less than the normal, but still a considerable fraction of it. 

(3) The heat rate in oxygen of a muscle poisoned with iodo-acetic acid and 
exhausted may remain, for long periods, far higher than that of a normal 
resting muscle. If the oxygen bo removed for a period the heat rate falls, 
and a “ heat-deficit ” occurs which is partly, but only partly, balanced by a 
“heat-excess ” when oxygen is readmitted. 

(4) In a twitch or a short tetanus, as found by others, the ratio of tension 
developed to heat produced is entirely unaffected by poisoning with iodo* 
acetic acid. 

(6) Functional recovery in oxygen, after stimulation, can be demonstrated 
under certain conditions, in muscles poisoned with iodo-acetio acid. As found 
by Lundsgaard, however, the conditions for such functional recovery are not 
always easy to obtain. In the muscles of R. etc., for example, recovery could 
not be demonstrated (January), although in those of R. temp, it could. 

(6) The persistence of “ recovery ” heat when functional recovery has been 
eliminated suggests that one effect of iodo-acetic acid is to interfere with the 
mechanism by which the energy released in oxidation can be employed in 
driving the endothermic reactions necessary for functional recovery. It 
does not interfere with oxidation as such, at least in the concentrations used 
by us. 

(7) In normal muscles stimulated to extreme exhaustion the “ recovery *’ 
heat has only about one-quarter of its usual value, in relation to the initial 
heat. It is possible that in normal muscles pushed to extreme exhaustion, 
as in muscles poisoned with iodo-acetic add, one reason for incomplete recovery 
is that phosphate set free by the breakdown of creatine-phosphoric acid is 
“ side-tracked ” as a hexose-phosphorio ester, and so cannot be recombined 
with creatine. 
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On the Return of Sensitiveness in Corneal Grafts in Raibits. 

By J. W. Tudor Thomas, M.D., M.S. 

(Communioated by T. Graham Brown, F.R.S. — Received March 7, 1931.) 

Itarodwtion. 

The object of the present paper is to examine the factors which determine 
whether or not a piece of cornea grafted from one rabbit on the cornea of 
another becomes sensitive or remains insensitive — in other words, the factors 
under which a piece of foreign cornea becomes provided with an afferent nerve 
supply. A long series of experiments on corneal grafting in rabbits, started 
in Bfsy, 1922, and continued without intermission, has provided ample material. 
Systematic observations on the sensitiveness of these grafts have been carried 
out since 1926. 

Previous Observations. 

Elschnig (1930) in a description of his corneal grafts, a proportion of which 
were clear, says “ it is noteworthy that even in the oldest oases of transparent 
implant observed, complete sensibility has not developed, but as a rule there 
does develop a sensibility to heavy touch.” 

Present Observations. 

The presmit observations are based upon the records of 29 successful (but 
not naoeasarily clear) grafts, in 21 of which the graft became sensitive, and in 
tihe ninalning e^ht of which the graft did not become sensitive. 
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Sensitiveness was tested in the following manner. A small twisted toft of 
cotton wool was gently stroked across the graft, care being taken that it did 
not touch the hairs about the eyelids, nor the adjoining cornea ; the animal 
was closely watched for any movement of the eyelids or nictitating membrane 
— ^the proper response ; various parts of the surface of the graft were tested in 
this way, and the method of testing was then tried on the surrounding cornea 
to make sure of the adequacy of the stimulus ; care was taken that the pressure 
exerted on the graft should be as light as possible, in order to eliminate 
reqMnses to pressure as distinguished from light touch. 

In these 29 experiments the operative procedure was varied, and the end 
results of the operations showed considerable differences with regard to the 
clarity or otherwise cf the grafts, and in other directions. 

The objeU of the present paper is to anahfse these differences in rdation to the 
return of sensitiveness. 

The transplantation was carried out in the following manner. A portion of 
the cornea of a rabbit (the host) having been removed under full anaesthesia, 
and with aseptic precautions, a portion, of approximately the same shape and 
sue, was removed &om the cornea of another rabbit (the donor) and placed 
over the hole in the comes of the host. Here it was retained by sritches 
or other method of fixation until physiological union of the graft took place. 
Various methods of fixation were used — ^marginal stitches, cross stitches or 
transverse stitches, were all utilised, and stitching was sometimes not used at 
all. In some cases the graft was cot with a sloping or shelving margin, and 
in other cases the cut margin was at right-angles to the corneal surface. None 
of these technical variations was found to have a direct bearing on the problem 
of this paper ; but the site of transplantation was observed to have such a 
bearing. 

In 23 of the experiments under review, the graft was made more or less 
centrally in the host’s cornea, i.e., over the pupil. In the remaining six experi- 
ments the graft was made peripherally, extending to the margin of the cornea, 
t.e., on a part of the host’s cornea which covers the iris. 

In a few cases the graft was made simply by removing a part of the cornea 
of a rabbit and immediately replacing it in the site from which it had been 
removed. In all other cases the graft was taken from another rabbit. This 
difference of procedure had no bearing on the results. 

(A) Of the 23 central grafts, 16 became sensitive, and seven remamed 
insensitive. 

Of these 16 sensitive grafts, in 14 the iris had become adherent to thegiaft, 
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wiiile in the oases oi the remaining two experiments the iris had remained free ; 
it therefore follows that an adherent iris is not invariably present in sensitive 
grafts. Of these 16 sensitive grafts, 15 had united primarily, while one exhibited 
for a short time a snuiU gap at one side. In their final states, 13 of the g^fts 
were opaque, one was nebulous, and two showed central clear areas (but were 
opaque round the periphery). Each of the 16 sensitive grafts was found to 
have become vasoularised ; in the case of three, the blood vessels had grown 
from the adherent iris alone, and in the case of two, from the conjunctiva, but 
not from the iris. 

Of the seven grafts that remained insengitive, lour had a minute adhesion 
of the iris — which became completely freed in 19 days (in two cases); 
6| weeks (in one case) ; and 3 months (in the fourth case). All of these 
seven grafts had united well. In their final states, one was opaque, one had 
a central clear area, and the remaining five were clear. In one of these seven 
grafts, there were present a few blood vessels, and this graft was opaque. 
Two of the grafts were very slightly vascularised at one point on the margin 
of the graft, in a very small and localised area, corresponding to the point 
of adhesion of the iris. The other four were not vascularised at all. 

(B) Of the six marginal grafts, five became sensitive, and one did not. 
The five sensitive grafts each had an adherent iris ; three were of medium 
sixe, and two were larger ; one united primarily all round, while four had at 
first a gap at one side ; all were opaque, and all were supplied with blood 
vessels. The graft that remained insensitive was opaque and had an adherent 
iris. 

(C) Of the 16 central grafts that became sensitive, eight were sensitive 
over the whole surface at or before 4 months after the operation, and one of 
these was sensitive as early as 2 months thereafter. On the other hand, of 
the five marginal grafts that became sensitive, none did so as early as 
4 months — ^the earliest being 5 months after operation. The average time* 
taken for sonairiveness to return was distinctly less in the case of the -central 
grafts than in that of the marginal grafts. It was found that the peripheral 
part of a graft became senintive sooner than its central part, and the earliest 
return of sensitivity noted at the margins was 6 weeks aftn operation (in a 
oenteal graft). 

(D) Of the total of 29 grafts, 21 became sensitive and ei^t remained 
insensitive. Not one of the sensirive grafts was clear and the opacity in 
most cases was pronounced ; each sensitive graft was found to have become 
yasoqlarised. 
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The ei^t ineensitive grafts, with one exception, were either completely, 
or practically, devoid of blood vessels. Of the 23 opaque grafts, 21 became 
sensitive, while all the five clear grafts remained insensitive. The average 
time taken for sensitiveness to develop in vascularised central grafts was 
5 months, and the average period of observation of the clear insensitive 
grafts was about 13 months. 

(E) !nie following individual instances ate of interest ; — 

(i) One central graft became partly detached at its lower border, but united 

later ; the iris was adherent to the lower margin ; the lower two-thirds 
of the graft became opaque, while the upper one-third was clear. 
Sensitiveness returned first to the lower opaque portion, and later to 
the upper clear portion. This seems to indicate that the vascularised 
lower portion developed an afferent nerve supply sooner than the 
avascular upper portion. 

(ii) One graft had an adhesion of the iris, and was vascularised from the 
adherent iris only. The adhesion of the iris, however, became freed 
in less than 2 months, and yet the graft became sensitive. 

This observation shows that the afferent nerve supply did not solely 
accompany the blood vessels which grew in from the iris, because any 
such afferent paths would have been destroyed when the adhesion of 
the iris gave way. 

(iii) One graft which became sensitive bad no adhesion of the iris, but was 
supplied with blood vessels from the conjunctiva. 

Condimons. 

From the above observations it will be seen that the only factors which have 
a definite bearing on the development of sensitiveness in comeal grafts are 
those which in effect imply the presence or absence of vascularity. 

The perfect corneal graft is one which is essentially clear, and avascular. 

All the sensitive grafts were vascularised grafts. All the clear grafts were 
either completely, or almost completely, avascular, and remained insensitive. 

From the results of these experiments the conclusion may bo drawn that the 
establishment of an afferent nerve supply to a comeal graft depends upon a 
precedent or concurrent growth of blood vessels in that graft. It seems to 
matter little whether the blood vessels are supplied from an adherent iris, or 
whether they grow in from the margin of the cornea. 
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Summary. 

(1) In 29 cases of completely united corneal grafts in rabbits, five remained 
clear and insensitive, one bad a central clear area and remained insensitive, 
and 21 out of 23 opaque grafts became vasoularised and sentitive. 

(2) Analysis of these experiments seems to show that there is a clear corre- 
lation between the vascularisation of a comeal graft and the invasion of it by 
the afferent nerve fibres upon which depends the return of sensitivity. 

LrrERATDBB. 

Elsohaig (lOSO). ' AtoIutm of Ophthalmology,* vol. 4, p. 165. 
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Experimenti on Growth and Inhibition. Part II . — New Phenomena 

of Inhibition. 

By R. Snow, M.A., Fellow of Magdalen College, Oxford. 

(Communicated by A. Q. Tanslcy, F.R.S.-»Reoeived March 14, 1931.) 

Introduction. 

If young seedlings of Pimm sativum or Vida faba are decapitated in the 
epiootyl, the axillary bods of the cotyledons grow out, so that plants are formed 
with two shoots springing from the same level. If one grows a batch of such 
plants — “ two-shoot plants,” as they will be called — one finds that in some 
of them the shoots are very unequal from the start. In these plants the weaker 
shoot very soon stops growing, often when it is only a few millimetres long, 
and after some weeks it dies. This is clearly because it is idbibited by the 
stronger shoot, for if the stronger shoot is removed before the weaker tiioot has 
stoi^wd growing, then the latter goes on growing indefinitely. In other plants 
in which the shoots are less unequal, the weaker one grows for rather longer 
before it is stopped by inhibition, and in others again, in which tiiey are very 
needy or quite equal, they both grow on indefinitely, or at least for a long time — 
six weeks or more. (It is stated, indeed, by Mogk (1913) that two such equal 
shoots sometimes check and finally kill one another. This has not happened 
in any of the writer’s plants, pediaps because they have not been left for a long 
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enough time. At all events, when the shoots are about equal, it is very much 
longer before the growth of either is inhibited, if it ever is.) 

These facts are well known, but none the less they suggest the interesting 
question how it is that two equal shoots do not inhibit one another, or at least 
not completely. It occurred to the writer that if one were to remove frrna one 
of them the rapidly developing leaves near the apex, which have been shown 
to be the inhibiting members (Snow, 1929), the balance between them would be 
upset, and that the results might throw light on the question. Accordingly 
the following experiment was arranged. 

BxperimenU. 

Experiment 1. — Pea seedlings, of race Thomas Laxton, were decapitated when 
young, so that two shoots grew out from the axils of the cotyledons. Six 
plants were selected in which the shoots were equal, or nearly so, and, when 
they had each expanded two leaves, one shoot of each plant (the slightly longer 
one, if they were unequal) was defoliated from below upwards until only the 
very small leaves near the apex remained. The other shoot was left intact. 
The largest leaves r emaining on the defoliated shoots were, in five of the 
plants, the fifth leaves from the base, and they were between 0*75 and 1 mm. 
long at the time of operation. In the sixth plant (No. 2 of Table I), the 
largest remaining leaf was the fourth, and was 1*3 mm. long. 

Actually, in this and other similar experiments, the operations were often 
carried out in two stages, the smallest leaf to be removed being left until a 
few days later than the others ; but this complication is of no importance. 
Also the lengths of the largest remaining leaves were not directly measured, 
but were estimated as equal to one-third of the length of the next larger leaf, 
which was removed (see Snow, 1929, p. 347). 

Four other similar cotyledonary axillary shoots, belonging to other plants of 
the same batch, were arranged as controls at the same time. They were 
similarly defoliated, but were left each as the only shoot on the plant, the 
other shoot bemg removed. The largest remaining leaves on these control 
shoots were the fifth, and were between 0*8 and 1*1 mm. at the start. 

After 13 days from the start of the operations, ail the shoots were measured, 
and their growth was reckoned by subtracting their length at the start. The 
largest remaining leaves of the defoliated shoots were also measured, and the 
corresponding leaves of the intact shoots. The results are given in the 
following tables 
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Table I. Experiment 1. PUutn salmm . — Qrowth in millimetres of Sboots 

in 13 dajs. 


1 

** Two-shoot idaDts.** 

Single-shoot controls. 

SixdofoUatod 

Six intact 

Four defoliated 

shoots. 

shoots. 

shoots. 

4 

74 

81 

22 

74 

85 

9 

78 

68 

4 

78 

55 

11 

71 

— 

36 

55 



Table 11. Experiment 1. — Growth in millimetres of largest remaining Leaves 
of Defdiated Shoots and of corresponding Leaves of Intact Shoots in 
13 days. 


“ TwoHihoot plants/* 


Singie*Bhoot controls. 


lix defoliated 
shoots. 

1 

Six intact 
shoots. 

Four defoliated 
shoots. 

0-75 

70 

7*5 

1-50 

18*0 

13*5 

1-25 

13*0 

12*0 

1-25 

6*0 

5*25 

1 50 

12*5 

— 

200 

4*76 

— 


From tiiese tables it can be seen that in the first five of the “ two-shoot 
j^bnts ” tJie defoliated shoots grew in length very much less than the intact 
shoots during the first 13 days. Their remaining leaves also grew very much 
less tha« the oonresponding leaves the intact shoots. Only in the sixth plant 
was the difierenoe im some reason less extxeme. On the other hand, the 
similarly defoliated single-control shoots grew meanwhile, and developed their 
leaves at about the same rate as the intact shoots. By the end of the first 
13 days, or possibly sooner, the defoliated shoots of the first five ** two-shoot 
idante ” were completely arrested in growth. After this time they gradually 
turned yellow and limp from the apex downwards, although in several of the 
phmts the eotyledons were not yet exhaimted. At 26 days after the operations 
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thej had died nearly down to the base, whereas the intact shoots of the sune 
plants and the defoliated single shoots were healthy and growing. 

From these results it is clear that a defoliation of the kind described does 
not arrest the growth of a pea shoot if it is the only shoot on the plant, nor 
even retard it more than slightly, if at all. It is only when another intact 
growing shoot is present on the same plant that a defoliated shoot is strongly 
retarded, and finally arrested and killed. It therefore appears that when 
two intact and equal cotyledonary axillaries are growing on one plant, they 
must be in some sense in equilibrium. If one of them is defoliated the balance 
is upset, and it is rapidly inhibited by the other one. 

A similar experiment (Experiment 2) was performed on similarly prepared 
plants of Vida faba. The slightly larger shoots of three “ two-shoot plants ” 
had their leaves removed until the largest remaining leaves were between 
O’ 7 and 1 • 5 mm. long. During the next 16 days the growth in length of these 
shoots was only about one-eighth of that of the intact shoots of the same 
plants, and the growth of their largest remaining leaves was only about one- 
seventh of that of the corresponding leaves of the intact shoots. 

Two similar single shoots, belonging to other plants of the same batch, 
were similarly defoliated as controls. These grew in length about half as fast as 
the intact shoots, and their largest remaining leaves grew at about the same 
rate as the corresponding leaves of those shoots. Thus the result of this 
experiment was similar to that of the experiment on peas, except that in 
Vida faba defoliation did distinctly retard the growth in length of the single- 
control shoots, though not nearly so much as it retarded the shoots of the 
“ two-shoot plants.” 

In other experiments on ” two-shoot ” pea plants it was found that when 
the defoliations were not carried so far, so that the leaves remaining on the 
defoliated shoots were a little larger than in Experiment 1, though still quite 
small, thox these shoots were not noticeably retarded. This indicated that 
in Experiments 1 and 2 it was not the removal of the expanded photosynthetio 
leaves which was effective, but the removal of the unexpanded, rapidly develop- 
ing leaves. This point is confirmed by the following experiment. 

Experiment — A plant of Vida faba was selected with two neariy equal 
cotyledonary shoots. From the slightly longer shoot the leaves in the stage 
of rapid development were removed, so that there remained the two ddest 
leaves, which were expanded and fully-grown, and also the very small leaves 
near the apex, of which the largest (the seventh leaf) was 1 long. From 
the oriier shoot the three oldest leaves were removed, so that there remained 
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two or three uuexpaaded rapidly developing leaves, of which the longest was 
12 mm. long, and also the very small leaves. 

In this way a competition was provided between two shoots, of which the 
first possessed mature expanded leaves and the second possessed unexpended 
rapidly developing leaves, while both possessed also the very small leaves of' 
a length of 1 mm. or less, which have little influence. The largest remaining 
leaves of the second shoot were continually removed in turn as soon as they 
began to expand. , 

After 16 days it was found that the first shoot was 116 nun. long and the 
second 158 mm. long, both having been about 60 mm. long at the start. The 
largest of the remaining small leaves of the first shoot was 3*25 mm. long and 
the corresponding leaf of the second shoot 6 mm. long, both having been 1 mm. 
long at the start. Thus the second shoot, the one with the unexpanded leaves, 
had considerably outgrown the shoot with the mature expanded leaves, although 
it had been very slightly the shorter at the start. 

The following experiment also shows that the effect of defoliating a shoot of 
a “ two-shoot ’* plant is not due to the diminution of its photosynthetic area. 

Experiment 4.— This experiment was similar to Experiment 1, except that 
after the operations the plants were kept in very dim light, in a completely 
shaded position under the benches of the greenhouse, where photosynthesis 
can only have been extremely slight, and can hardly have supplied my 
appreciable amount of nutriment in comparison with the supplies coming &om 
the cotyledons, which lasted throughout the experiment. 

Six “ two-shoot ’* pea plants, of race “ Sutton’s Matchless,” were operated 
upon, one shoot of each being defoliated. In five of the defoliated shoots the 
largest remaining leaves were the fifth, and were from 0*7 to 0*8 nun. long. 
In the sixUi shoot (that of plant No. 3 of Tables III and lY) the largest 
temaming leaf was the fourth, and was 1*2 mm. long. The defoliated shoots 
were slightly the larger in five of the plants, and slightly the smidler in the 
sixth (No. 4 of the tables). 

Three sunilar single ootyledonaiy shoots, belonging to plants of the same 
batch, were defolu^ as controls, being left each as the only shoot on its 
plant. In these, the largest remaining leaves were from 0*7 to 0*8 mm. long. 

1%e growth of the shoots during the first 16 days and the rate at which they 
devdoped their leaves is shown in the following tables : — 
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Table III. Eajwriment 4. Pisum strttwum.— Growth of Shoots in miUimettes 

in Dim Light. 


“ Two-ihoot plants.*' 

Single-shoot controls. 

Six defoliated 

Six intact 

Three defoliated 

shoots. 

shoots. 

shoots. 

16 

72 

41 

6 

65 

51 

4*6 

53 

50 

11 

76 

..... 

11 5 

67 

— 

32 

65 



Table IV. Experiment 4. — Growth in millimetres of largest remaining Leaves of 
Defoliated Shoots, and of corresponding Leaves of Intact Shoots in Dim 
Light in 15 days. 


“ Two-shoot plants." 

Single-shoot controls. 

Six defoliated 
shoots. 

Six intact 
shoots. 

Three defoliated 
shoots. 

20 

9-25 

5*25 

0 5 

3*25 

6*25 

1-3 

9*75 

11*25 

0-5 

5-25 

— 

0-75 

6*25 

— 

6*5 

7-75 

““ 


From these tables it can be seen that in the first five of the six “ two-shoot 
plants ” the defoliated shoots were enormously retarded both in their growth 
in length and in the rate at which they developed their leaves, just as they 
were in Experiments 1 and 2. Only in the sixth plant was this retardation, 
for some reason, only very slight. Meanwhile, the defoliated single control 
shoots developed their leaves at about the same rate as the intact shoots, and 
grew in length only slightly less rapidly. 

At 15 days after the operations the plants were placed in good light again. 
The defoliated shoots of the first five “ two-shoot ” jfiants grew no more, but 
gradually turned yellow, and at 26 days they were dying, whereas the intact 
shoots of the same plants were healthy and growing. 

The results of this experiment were thus similar to those of Experiments 
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1 and 2 ; the defoliated shoots of all but one of the “ two-shoot ” plants were 
arrested in growth, and finally killed. This most again have been because 
defoliation somehow caused them to be inhibited by the intact shoots, for the 
defoliated single control shoots suffered no such harmful effects. Moreover, 
since the defoliated shoots of “ two-shoot ” plants are arrested about as 
rapidly when the whole plants arc kept in very dim light as when they are in 
good light, it follows that in the main it is not the diminution of their photo- 
synthetic area that causes them tc be inhibited by the intact shoots. On 
the contrary, from the results of Experiments 3 and 4, and also from the &ct 
that the defoliations are often not effective unless they are carried right up to 
the leaves of very small size, it seems sufficiently clear that it is the loss of the 
rapidly developing uncxpanded leaves that causes these shoots to be so rapidly 
inhibited. 

The following experiment shows another way in which the balance between 
two shoots can be upset, though not so rapidly as by defoliating one of them. 

Experimenl 6. — Six “ two-shoot ” pea plants, of race “ Sutton’s Matchless,” 
were selected, in which the cotyledonary shoots were nearly or quite eqmd. 
When they were still small, having expanded not more than one leaf each, 
one shoot of each plant (the larger shoot, if they were unequal) was covered 
over with a cylinder of black paper, closed at the top, so that it was almost 
completely in the dark. Six nearly similar single cotyledonary shoots, 
belonging to other plants of the same batch, were similarly covered over as 
controls, being left as the only shoots on their plants. 

After 12 days the shoots and young leaves were measured, except those of the 
first of the “ two-shoot ” plants and the first of the controls, which were 
measured after 11 days. The rates at which the shoots developed their leaves 
can conveniently be expressed in terms of the number of ” plastochrons ” 
through which they passed in these times, the word ” plastochron ” being 
here used to denote the period taken by a young leaf to grow to the sice that 
was possessed by the next larger leaf at the beginning of the period; The 
results are given in Table Y. 

The table shows that in the first 12 or 11 days the darkened shoots of the 
“ two'shoot ” plants grew in length only about half as much as the illuminated 
shoots of the same plants, and developed their leaves only about one-third as 
fast. But the darkened single control shoots grew in length distinctly faster 
than the illuminated shoots (this being the usual result of etiolation), and 
developed their leaves only a little less rapidly. 
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Table V. Experiment 6. Pimm sativum . — Growth of Shoots in millhnetreB, 
and Development of Leaves in “ Plastochrons ” (P) in 12 or 11 days. 


^ j 

Six twoHfthoot ** plantt. 

Six single oontrol shoots 

Darkened shoots. 

Shoots in light. 

Darkonad. 

10 mm. and 0-5 

29 mm. and 2*0 **P'’ 

28 mm. and 2*1 “P” 

16 mm. sndO lS “P” 

24 mm. and 1*6 “p” 

33 mm. and 1*1 “P’* 

25 mm. and 0*75 ** P '' 

30 mm. and 2*0 “P” 

50 mm. and 1 *75 “ P ** 

13mm.aiidl*0 “P’' 

27 mm. and 2*5 ** P ” 

29mm. and 1*3 “P” 

15 mm. and 1*0 “P** 

30mm. and 2*1 “P” 

51 mm. and 21 ‘*P” 

25 mm. and 1*0 P 

41mm. and 2 -2 “P ” 

37 mm. and 1*5 “P’* 

Means .... 17*1 mm. and 0*73 ** P " 

30*1 mm. and 2*07 “P” 

41.3 mm. and 1-64 “P” 


After the first 12 or 11 days, all the darkened shoots were imooveted and 
exposed to light, but in spite of this the previously darkened shoots of the 
" two-shoot ” plants grew on only very slowly, or not at all. Their mean 
growth in length in the next eight days was only 3*2 mm., and their mean 
development of leaves 0*3 plastochrons, whereas the corresponding figures for 
the previously illuminated shoots for the same period were 25*6 mm. and 
1*66 plastochrons, and for the previously darkened single shoots 22*3 mm. 
and 1 * 52 plastochrons. Two days later, or 22 days after the beginning of the 
experiment, most of the previously darkened shoots of the “ two-shoot ” 
plants were just beginning to die, although in some of the plants to which they 
belonged the cotyledons were not yet exhausted. Usually the expanded leaves 
of these shoots turned yellow and died first, then the very small leaves of the 
apical bud did the same, and finally the stems turned yellow and died from the 
apex downwards. On the other hand, the previously illuminated shoots of tihe 
same plants and the previously darkened single control dioote all remained 
healthy and grew on indefinitely. 

From these results it can be seen that the effect of darkening one shoot of a 
“ two-shoot ” plant was similar to the effect of defoliating one shoot, though 
lees sudden. The darkened shoots of these plants were strongly retarded, 
and finally arrested and killed, although after 11 or 12 days they were exposed 
to light again. This must have been because they were inhibited by the other 
shoots, for the darkened single control shoots were only slightly retarded in 
the development of their leaves and were accelerated in thdr rate of elongation. 

The darkening of one shoot of a “ two-shoot ” plant most therefore somehow 
upset the balance between the shoots, just as defoliation does, and so lead to tiio 
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inhibition of the darkened shoot. But the exact way in which it does so 
needs to be further investigated. It is possible that it is by slightly retarding 
the rate of development of leaves that darkening upsets the balance, and so 
causes the darkened shoot to be inhibited. For it is well known that in 
darkened shoots the young leaves do regularly develop less rapidly, and it can 
be seen from the tables that actually they did develop a little less rapidly in 
the darkened single control shoots than in the illuminated shoots of the ** two- 
shoot ’’ plants. But it is also possible that the lack of light may, in some more 
direct way, make the darkened shoot more susceptible to inhibition. 


Discussion and a Further Experiment. 

It may now be considered what light the experiments throw upon the 
question propounded at the beginning of this paper ; how it is that two cotyle- 
donary shoots do not inhibit one another, or not more than slightly, provided 
that they are about equal in size. The experiments have shown that if one of 
the shoots is defoliated or darkened, then the other shoot does inhibit it. 

The most suggestive point in the defoliation experiments is that it appears 
to be the removal of the rapidly developing young leaves which causes the 
defoliated shoot to be inhibited ; for these leaves are the members of the shoot 
which tend to inhibit axillary buds or other shoots. From the present experi- 
ments it appears that these leaves also protect their own shoot from being 
inhibited, since when they are removed the shoot to which they previously 
belonged is rapidly inhibited by another intact shoot, if one is present. 

The developing leaves thus tend to bring about two effects : they tend to 
inhibit other buds or shoots, and they also tend to protect their own shoot from 
inhibition. Now it is possible that these two effects are due to two quite 
different influences coming from the developing leaves. Nevertheless it seems 
much more probable that they are both brought about by the same influence 
transmitted from the leaves, but that this influence is soinehow of a “ |K»lar *’ 
nature, so that it counteracts another similar influence c oming from the opposite 
direction ; for if this is so, it becomes possible to explain the results in the 
fallowing way without postulating two influences of different kinds. So long 
as two cotyledonary shoots are growing equally, the influences transmitted 
from their developing leaves pass down the shoots, and when they meet they 
counteract one another, since they are coming from opposite directions. The 
shoots therefore go on growing ; but if one of the shoots is defoliated or 
weidcened by darkening, then the influence coming from the developing leaves 
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of the other shoot travels across iato the defoliated or darkened shoot and 
i^bits it. 

But as soon as the suggested explanation is stated in this way, it becomes 
clear that though it offers an answer to the question how it is that two equal 
cotyledonary shoots do not inhibit one another, there remains a second equally 
urgent question. This is the question how it is that the defoliated or 
darkened shoot is inhibited and finally killed (directly or indirectly) by the 
influence coming from the developing leaves of the other shoot, although that 
other shoot is not itself inhibited or harmed by the same influence. In 
considering this question, it is necessary to consider separately the arrest and 
final killing of the growing parts, and the killing of the fully-grown parts. 
As far as concerns the killing of the fully-grown parts, it appears that the 
difference between the fates of the two shoots is somehow due to their being 
differently orientated with regard to the influence coming from the developing 
leaves ; for the lower parts of the intact shoot, which remain healthy, are in 
the line between the developing leaves and the roots, and the influence coming 
from these leaves travels downwards through these parts basipetally. But 
toe defoliated shoot, which is killed, is not in this line, and in it the same influ- 
ence travels acropetally. 

That the explanation must be sought along these lines seems to be made 
clear by the following simple experiment (Experiment 6), which was repeated 
many times. Pea seedlings that had elongated several intemodes were 
decapitated in an upper intemode, and were also defoliated, though this was 
probably unnecessary. Two axillary buds were left on the main shoot, and 
usually one of these took the lead and went on growing alone to form a new 
shoot. Above the node at which the new axillary shoot originated, there 
remained two or three intemodes of the decapitated main stem, and after 
about a month these turned yellow and died from the top downwards to a 
level from 5 to 10 mm. above the origin of the axillary shoot. The remaining 
shOTt length of from 6 to 10 mm. immediately above the insertion of the 
axillary shoot remained alive for much longer. In several plants it was still 
green and healthy after about two months, but after a still longer time usually 
most of this re m a inin g length died also. But the part of the main stem below 
the axillary shoot remained green and healthy indefinitdy, as was indeed to be 
mqiected, since it served to connect the growing axillary shoot with the roots. 

There is therefore no occasion to postulate that toe nutm stem possessed any 
special kind of susceptibility to inhibition different frcan that possessed by the 
axillary shoot ; for the lower part of the main stem, which was in toe Ihm 
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between the developing leaves of the axiUary shoot and the roots, and in which 
the influence coming from those leaves travelled basipetally, remained healthy, 
as did the axillary shoot itself. It was only the part of the main stem which 
was not in this line, and in which the influence travelled aoropetally, that was 
killed. 

The general rule, therefore, seems to be that those fully-grown parts of 
shoots which are killed by inhibition are the parts which are out of the line 
between developing leaves and roots, and in which the influence coming from 
such leaves travels aoropetally. The present results do not indicate which of 
these two points is the critical one — ^that is to say, whether the shoots are killed 
because they are out of the line between developing leaves and roots, or because 
the leaf-influence travels through them aoropetally. But it is intended to 
investigate this question experimentally, and in so doing to test the hypothesis, 
mentioned in a previous paper (Snow, 1931), that the influence coming from the 
developing leaves somehow polarises the stem in such a way that some 
nutritive or growth-promoting substances tend to flow through it in the 
opposite direction towards the developing leaves. 

It remains to be considered how it is that the growing zones of the defoliated 
shoots of the two-shoot ” plants were inhibited and finally killed, although 
those of the intact shoots were not. This question is more complicated than 
the corresponding question with regard to the killing of the fully-grown parts. 
For the growing-zones of the two shoots were not only differently orientated 
with regard to the influence coming from the developing leaves of the intact 
shoot ; they were also situated at very different distances from them. Now 
in the previous paper of this series it was shown that the intensity with which 
the developing leaves of a pea shoot inhibit axillary buds below them increases 
with increasing distance of these buds from them. It was further shown that 
so long as the axillary buds are within a region quite close below the developing 
leaves, they are not inhibited at all, or only slightly at most. The length of this 
region is not more than 16 mm. and probably not less than about fi mm 
This being so, it would in any case hardly be expected that the developing leaves 
would inhibit the growing zones of their own shoot ; for in the pea these zones 
are fairly close below them. They do inhibit the growing zones of the other 
shoot (the defoliated shoot), since these are sufficiently distant from them, 
and they also inhibit axillary buds which are sufficiently distant. But in the 
defoliated dioot, and also in axillary buds, the influence coming from the 
developing leaves of the intact shoot is travelling towards the apex. Conse- 
quently, it cannot be said without further investigation whether the same 

z 2 
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influence, when travelling towards the base, would inhibit any growing zones 
through which it passed if they were distant from the developing leaves, for 
in the pea no such zones exist. It is intended to investigate further the efiecta 
of the developing leaves on the growth of thw own shoot, in comparison with 
their effects on other buds and shoots. 

Summary, 

(1) By decapitating young pea seedlings in the epicotyl, plants can be 
prepared with two shoots springing from the axils of the cotyledons. 

(2) In such plants, if one of the shoots has its leaves removed until only 
those 1 mm. long or less remain, it is rapidly arrested in growth and finally 
killed. 

(3) This effect must be due to inhibition coming from the intact shoot, for 
if similar sin^fe shoots are similarly defoliated they grow on rapidly and 
indefinitely. 

(4) It makes no appreciable difference to these results whether the plants 
are grown in good light or, for the first 12 days after the operation, in very dim 
li^t. 

(6) From these and other experiments, it is concluded that the effective 
part of the defoliation is the removal of the rapidly developing young leaves, 
which are also the inhibiting members, and not the removal of the expanded 
photosynthetic leaves. 

(6) Similar results are produced, though less rapidly, by darkening a shoot. 
If another shoot is present on the same plant, the darkened shoot is arrested 
and killed, but if not it grows on rapidly. 

(7) These results make it probable that the inhibiting influence that comes 
from the developing leaves of a shoot is of a polar nature, so that two such 
influences coming from two cotyledonary shoots from opposite directions 
counteract one another. If one of the shoots is defoliated or otherwise 
weakened, the influence coming from the otha shoot tiravels up into it, and 
arrests and kills it. 

(8) The influence coming from the devdoping leaves kills (directly or 
indirectly) these shoots or parts of shoots which are not in the line between 
developing leaves and roots, and in which it tmvels acropetally. 
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Respiration as a Factor in the Ionic Equilibria between Plant 
Tissues and External Solutions. 

By G. E. Brioos (St. John’s College, Cambridge) and A. H. K. Petbik 

(Melbourne University). 

The experimental work woe done in the Botany School, Cambridge, while one of us 
(A. H. K. P.) was an 1851 Exhibition Scholar. 

(Communicated by F. F. Blackman, F.R.S. — Received March 16, 1931.) 

Many investigations have been made of the salt exchange between slices 
of plant storage organs and solutions in which they have been placed. A 
simple form of experimentation is to place the pieces of tissue in water devoid 
of solutes, and to investigate the drift with time of the concentration of the 
external solution. The concentration of such a solution was used by Stiles 
and Kidd (1919) as a base line from which to calculate the absorption of salts 
by the tissue when placed in a salt solution. For example, the conductance of 
distilled water rose by 190 units in 52 hours when carrot tissue was placed in 
it, whereas that of 0‘0002N EGl increased only 137 units, whence it was 
deduced that the carrot tissue had absorbed KCl to the extent of 53 units of 
conductance. The justification for this procedure is doubtful, since a solution 
with which the tissue was in equilibrium would show no change of conductivity, 
and yet by this method of reasoning would be said to have lost salt to the 
extent -of 190 units of conductance. More recently Stiles (1927) has made 
detailed studies of the problem of the exosmosis of substances from slices of 
various storage tissues, including carrot root, into distilled water. Well* 
washed discs of tissue were placed in water and shaken continuously at 20° C. 
The drift of the conductance of the outside solution was followed. It rose for 
about 24 hours and then fell slowly for about 10 days, after which a steady 
value was maintained for some time until the conductance rose as the tissue 
died. The concentration of the outside solution was also detennined by the 
weight of the residue after evaporating the solution to dryness. The concentra- 
tion so determined followed the same course as the conductance. 

Stiles suggests that the initial liberation of electrolytes, which is greater the 
sh^wter the preliminary washing, takes place bom the cut snrfaoeHMlls and 
from tiie cells underneath, whidi soon die. These electrolytes are absorbed 
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by the remaining living cells at a rate which is eventually greater than that 
at which they are liberated, with a consequent fall of the external conductivity. 
The tissue, small in bulk relative tathe solution, would have to absorb the 
greater part of the electrolytes liberated. There is no direct evidence in 
favour of such an explanation. As far as we know, tissue, such as Stiles 
used, never decreases the conductivity of such dilute solutions, except in 
experiments of the type which we are trying to explain. 

There are probably many factors concerned with the distribution of 
electrolytes between tissue and the surrounding solution. One important 
factor which has been suggested is the presence of substances such as protein 
ions, which cannot escape from the tissue. Since the fraction of protein 
electrolytes which is ionised depends upon the concentration of hydrogen 
ions, this concentration should play an important part. Unpublished work 
on this question shows that such is the case. As one of the products of 
respiration of plant cells, carbon dioxide, is an acid in solution, the rate of 
respiration will affect the concentration of hydrogen ions, and so, through the 
degree of ion is ation of protein electrolytes, will also affect the distribution of 
the other electrolytes between the tissue and the surrounding solution. More- 
over, the respiration of most plant tissues is much increased as a result of 
cutting. 

Our object has been to investigate the relation between the intensity of 
respiration, as measured by evolution of carbon dioxide, and the exosmosis of 
electrolytes. 

Experimental Work. 

Discs of carrot root, 0 ■ 1 cm. thick, 1*75 cm. in diameter, and 80 in number, 
were placed, after preliminary washing, in a vessel containing 200 c.c. of 
freshly distilled water maintained at a temperature of 10° C.* A stream of air 
free from carbon dioxide was passed through the water, and the carbon dioxide 
evolved determined by absorption with buryta. The vessel contained a pair of 
platinum electrodes, protected by a glass cage frmn contact with the tissue. 
Periodically the current of air was stopped temporarily, and the conductivity 
of Ihe solution was determined. In preliininary experiments the vessel was 
shakmi, but it was subsequently found that the agitation caused by the stream 
of air was sufficient to maintain the vitality of the tissue. Without agitation, 
the conductivity of the outside solution steadily rises as the tissue dies. 

The results ot a t 3 rpioal experiment are shown in fig. 1. It will be seen that 
the gmieral trend of the conductivity curve is the same as that in the mEperi- 
* 1%« vohiiDe of the aoltttioii is about tm tiuM (hat of the tiasae. 
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meuts of Stiles, but what is most notewortiiy is llie siiDilarity of the chaogM 
of conductivity and the rate of evolution of carbon dioxide by the system, 
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With freshly cut tissues the situation is complex ; not only is the rate of 
respiration higher than normal, but there are other processes at work which 
Stiles suggests are the main controlling factors — ^the diffusion of electrolytes 
from incompletely-washed cells which have been cut, and possibly from dying 
odls. It is clearly desirable to change the rate of respiration without cutting 
the tissue, and to investigate the effect of this on the external conductivity. 
In the second experiment (see fig. 2) the air current was changed for one of 
pure oxygen on the seventh day, when the rate of respiration and the oon- 
duotinty appeared to have approached closely to steady values. There wm 
no sigmfioant effect on either respiration or conductivity. On the eleventh day 
the gas current was changed to one of commercial nitrogen (about 0*6 per cent. 
oxygen) free from carbon dioxide. The rate of respiration and the con- 
ductivity were both increased. Then, on the thirteenth day, the current was 
changed back to air again, when both the rate of production of carbon dioxide 
and the conductivity fell rapidly. 

effects of a deinease in the oxygen supplied will be more than an 
increase in the rate of production of carbon dioxide. Products of ansendtic 
metabdism of sugar, such as alcohol, might change the permeability ; but this 
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dnoold not a£Eect the final dutribution of eleotroljtes, cody the rate at which 
equilibrium is attained. Some of the oeUs may be killed and their oontents 
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pass out iato the solution. The sudden fall of the conductivity when the 
current is changed back to air suggests that death of cells is a negligible factor. 
Possibly organic acids are produced and pass out into the solution^ and are 
subsequently oxidised to carbon dioxide and removed. 

The fact established by these experiments is that there exists a general 
parallelism between rate of respiration and conductivity of the outside solution. 
In the next section we shall consider the theoretical basis for such a state of 
affairs. For this purpose a knowledge of the actual values of the conductivity 
will be useful. The unit used in the graphs is that of the distilled water into 
which the tissue was placed — about 1 *66 X 10“® reciprocal ohms. This is the 
value for a solution of carbon dioxide about five times as concentrated as that 
of a solution in equilibrium with the atmosphere (O’OS per cent. CO,) at 18® C. 
To increase the conductivity to nine units would necessitate about 5’6 per cent, 
of carbon dioxide in the atmosphere, to 12 units, about 9*6 per cent. 

Theoretical Survey of the Effect of Reepiration. 

f 1. In considering the effect of a change in the rate of respiration on the 
distribution of electrolytes between the tissue and the outside solution, we 
must d isting uish two distinct types of effect — the mobility and the ionisatum 
effects. Further, we must distinguish between conductivity and total solids 
left after evaporation, the two measures used by Stiles for the conoentipation 
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of tlie outside solation. Of oouise, other substances than eleotzolTtes may 
oontribute to total solids. 

§ 2. To take the last point first : the total concentration of ions may remain 
unchanged despite changes in both conductivity and total solids. Moreover, 
the changes in conductivity and total solids may not agree in direction. If 
from an outside solution of Ed some of the K ions are taken up by the tissue 
and their places taken by H ions, the conductivity of the solution would be 
increased because of the greater mobility of the H ions, yet the total ionic 
concentration would be the same. At the same time, the total solids would be 
decreased, since the Hd would be lost on evaporation. Replacement of the 
Cl ions of the solution by OH ions would likewise increase the conductivity, 
and again the total solids would decrease by the substitution of KOH for 
KCl in the residue from evaporation. 

§ 3. If the mobilities'" of the two ions of carbonic acid produced by res|«ration 
in the tissue are different, then the outward diffusion of the carbon dioxide 
would result in a potential gradient along its path. If the hydrogen ion has 
the greater mobility, the outside solution will tend to be positive to the tissue 
and diffusible cations, such as K, will tend to be in greater concentration in 
the tissue than outside, whilst diffusible anions, such as Cl, wiU tend to be in 
smaller concentration in the tissue. The excess of diffusible cations over anions 
in the tissue will balance the excess of slowly moving HCO, ions over H ions 
in the tissue. If the HCO, ion has the greater mobility, then the concentration 
of diffusible anions will tend to exceed that of the diffusible cations in the tissue. 
An increase of the rate of respiration would tend to cause an uptake of ions 
such as E and a loss of ions such as Cl by the tissue, if the H ions had the 
greater mobility, a loss of E ions and an uptake of Cl ions if the HCO, ions 
had the greater mobility. 

§ 4. In the cytoplasm there are substances, some of a protein nature, whose 
degree of ionisation depends upon the concentration of hydrogen ions. If 
the concentration of hydrogen ions is such that the non-diffusible anions 
derived from these weak electrolytes predomiimte over the non-diffusible 
cations, then there will be more diffusible cations, such as E, than anioirs, 
8a<di as d, in the cytoplasm, the reverse being the case if the non-diffusible 
cations predominate. An increase in the rate of respiration will entail a series 
cd consequences. The concentration of hydrogen ions in the cytoplasm will 
tend to increase. Such an increase will depress the ionisation of the weak 

^ It Is the mobility of the ions in the medium throng whioh they pass u they oome 
out of the tissue, not that in water, with whioh we are omaoemed. 
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electrolytes of an acidic nature, and increase the ionisation of those of a basic 
nature — ^in other words, the non-diffusible anions will be decreased and the 
non-diSusible cations increased. This will result in an uptake by tbe tissue of 
diffusible anions and a loss of difftteible cations, 

§ 5. The mobility and ionisation effects will work together if the mobility 
of the HCOg ion exceeds that of the H ion. If the reverse holds it will depend 
upon which effect is greater as to whether an increase in the rate of respiration 
will result in an uptake of anions, such as 01 , and a loss of cations, such as K, 
by the tissue, or a loss of anions and an uptake of cations. Analyses of the 
outside solution are necessary before we can say which type of ion, anion or 
cation is taken up, and wiiich is lost by the tissue, when the rate of respiration 
increases. 

§ 6 . The effect of the ionic interchange on the conductivity of the outside 
solution must now be considered. If the gas current, which is passing into the 
solution, is piacticaily devoid of carbon dioxide (as in our experiment), then, 
when the rate of evolution of carbon dioxide is doubled, the concentration of 
undissociated carbonic acid in the solution close to the gas phase is also doubled. 
The product of the concentrations of H and HCO 3 ions must also be doubled. 
If there were no other ions present in the outside solution, then the conoenbca- 
tions of the H and HCO, ions would each be increased \/2 times, and hence 
the conductivity would be increased \/2 times when the rate of evolution of 
carbon dioxide was doubled. The presence of ions such as K and Cl makes tire 
'question more complicated. With our limited knowledge of the details of 
the system with which we are dealing, we can only outline some of the poasi* 
bilities. In the following table are the relative values for the conductivil^ 
of a solution containing carbon dioxide with different concentrations of 
K ions. 


Conductivity of Solutions of Carbon Dioxide containing EHCO3. 


Concentration of 
K. 

(H,CO, + CO,) 

-1 asx 10-*. 

(H,CO, + CO.) 

■-2-6X10-*. 

Pa- 

Relative 

Conductivity, 


Relative 

Conduotivity. 

0 

MSM 

1 

5*56 

1*4 

1(H 1 


1*7 

6*15 

1*0 
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6*43 

3*2 
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6*1 

6*78 

6*1 
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7*36 

12*2 
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12*2 
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Two diffeeent eoDcenlxstions of carbon dioxide have been need, one containing 
88 mwdi nndisBOciated carbonic acid as it would have when in equilibrium 
with an atmosphere containing 0*03 per cent. CO, at 18° C., and the other twice 
as moch. The concentration of H ions is given in the form of p^. The 
calculations are based on the data of Walker and Cormack (1900). When 
the respiration of the tissue had approached a more or less steady state after its 
initial high value, the conductivity of the external solution was about seven 
times that of a solution of carbon dioxide in equilibrium, with the atmosphere 
containing O’ 03 per cent. CO,. Such a conductivity would be given by a 
solution containing about 4’5 x 10~* grm. ions of K.* This holds whether 
the nndissociated carbonic acid is that in equilibrium with an atmosphere 
containing 0*06 per cent., 0*03 per cent, or less of carbon dioxide. If it 
were 0 ’0003 per cent, it would mean a reduction of the conductivity of less than 
1 per cent. Under such conditions a doubling of the rate of evolution of 
carbon dioxide with a consequent doubling of the concentration of undissooiated 
carbonic acid would have no appreciable effect on the conductivity unless the 
concentration of K ions was changed. When the concentration of carbon 
dioxide in the tissue is increased there is a tendency for the concentration of 
the H ions in the tissue to increase, but this is balanced more or less completely 
by the depression of the ionisation of the weak acids (or the increased ionisation 
of the weak bases) of the tissue, with the result that cations, such as K, pass 
out into the solution. For the time being we are neglecting the mobility effect. 
If the weak electrolytes are in sufficient concentration, a doubling of the 
rate of respiration will result in no appreciable change of the concentration of 
H ions, in the tissue or in the external solution. In that case, a doubling of 
the oonfwntration of undissooiated carbonic acid in the external solution 
would necessitate the concentrations of K and HCO, ions being almost doubled. 
As the H ion contributes a negligible fraction of the conductivity, this quantity 
also would be almost doubled. This proportionality of conductivity and 
concentration of undissooiated carbonic acid, or rate of evolution o^ oturbon 
dioxide, would hold fairly closely over a yet wider range of variation of 
oarbonk acid ooncenkation. The above ai^ument allows for the presence of 
cations, Budr as K. If diffusible anions, such as Cl, were present in addition, 
when the cations came out of the tissue the anions would go in, and the increase 
in oonduotivity of tlm external solution would not be so great. At another 
tinm we propose to omutider in detail the possibility that normally the cell sap 
can oxohange anions, but not cations, with the cytoplasm and the external 
A greater conoentiation of a lew mobile cation, such aa Na, would be required. 
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solatioD. If such is the case the inoiease in oonoentiatioa of anions, snoh as 
O, in the cytoplasm may be mainly at the expense of the sap, HCO, ions taking 
the place of the Cl ions. The inorease in the HCO 3 ions in the sap may 
actually be great enough to displace some of the sap anions into the outside 
solution. We have unpublished data showing a check in the course of uptake, 
sometimes an output, of both anions and cations by carrot tissue from a salt 
solution at the time when the respiration of the tissue is about its maximum. 
It does not seem profitable to attempt an exploration of further possibilities 
until we know more about the system with which we are dealing. 

§ 7. Although there is a general parallelism of the rate of evolution of carbon 
dioxide and conductivity, yet it will be seen in fig. 2 that when the rate of 
evolution of carbon dioxide increased, consequent upon the reduction of the 
oxygen supply, the percentage increase of the conductivity was greater than 
that of the rate of evolution of carbon dioxide. There probably are factors 
other than those taken into account in our theoretical considerations — ^factors 
such as the anaerobic breakdown of sugars — ^which might contribute to this 
extra increase in conductivity. There is, however, a further factor, external 
to the respiring tissue, which needs consideration — a complication inherent 
in all attempts to measure rate of carbon dioxide production by rate of evolu- 
tion of this gas. 

§ 8 . The rate of evolution of the carbon dioxide into the gas current devoid 
of carbon dioxide depends upon the concentration of this substance in the 
liquid immediately outside the bubble of the gas current. If the liquid were 
maintained in a state of great agitation, the concentration of carbon dioxide 
would be uniform throughout the liquid. Actually, only a slow stream of 
gas was taken through the solution, so that the liquid immediately outside the 
tissue would be richer in carbon dioxide than that close to the gas bubble. 
A doubling of the rate of respiration would result, at first, in a greater inorease 
in the concentration of the carbon dioxide around the tissue than around the 
bubble. Eventually, the latter also would be doubled if the new rate of 
respiration was maintained ; but if, before this state was reached, the rate of 
respiration fell again to its original value, the concentration of carbon dioxide 
around the bubble would never attain the doable value. Actually, a rise and 
fall in the rate of production of carbon dioxide by the tissue, giving an extra 
amount of this gas, would be followed by a rise and fall of the rate of evolution 
of carbon dioxide by the solution, giving the same extra amount oi tiie gas ; but 
the rate of evolution would never rise as high as did the rate of respiration. 
The phase of increased evolution by the solution would last longer than the 
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phase of increased production by the tissue. The conductivity was measured 
in the bulk of the liquid, nearer to the tissue than was the stream of gas, and 
was more closely related to the rate of respiration of the tissue than to the 
rate of evolution of carbon dioxide by the solution. The changes of con- 
ductivity should, therefore, be greater than the changes of rate of evolution 
of carbon dioxide, taken as measures of respiration, would lead us to expect. 
Actually, the results do bear out the above suggestions : the conductivity 
values do, on the whole, rise and faU before those for the rate of evolution of 
carbon dioxide. 

§9. There remains to be considered the question as to the change of the 
concentration of the total solids in the external solution consequent upon an 
increase in the rate of respiration. If the outside solution contains such 
substances as KHCO3 and KCl, as we have suggested, an increase in the 
concentration of HCO3, accompanied by an increase in the concentration of K 
and a decrease in the concentration of Cl ions, would be equivalent to an 
addition of KHCO3 and a substitution of KHCO3 for ECl in the total solids. 
In this way the total solids would increase with the rate of respiration ; for 
heavier negative ions, such as SO 4 and PO 4 , and for sodium, a metal of smaller 
atomic weight, the increase of total solids might be less. A los.s of cations 
and a gain of anions by the outside solution when the respiration increased 
would be likely to result in a decrease of the total solids, since the salt content 
would be decreased and the increased content of acids such as H3CO3, HCl 
and H |^04 would not appear in the total solids left on evaporation. 

§ 10 . Elsewhere one of us (Briggs, 1930) has suggested that the accumulation 
of cations and anions in the sap of some plant cells (not in the cell as a whole) 
could be accounted for by alternating phases of permeability of the cytoplasmic 
membrane enclosing the sap ; one phase where the membrane is more per- 
meable to cations and the other more permeable to anions. Such an 
accumulation of ions is increased by an increased rate of respiration. The 
•tihema considered in the present paper for mature cells assumes that this 
accumulation of ions in the sap is no longer appreciable, and that the effect 
of change of respiration on the cytoplasm itself predominates in deciding the 
ionic interchange between the cell, as a whole, and the external solution. 

We have attempted to show that the rate of respiration is an important 
factor deciding the concentration of electrolytes in water into which pieces of 
plant tissue have been placed. The experiments are only of a preliminary 
nature ; much remains to be done before we have a full knowledge of the 
system with which we have been dealing. Till then we cannot evaluate the 
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relative importance of such factors as leaching of dead and dying cells with 
subsequent absorption by living cells which, till the present, have alone been 
invoked to explain the phenomena. 
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Further Investigation of Sweating and Sweat. 

By A. G. R. Whitehouse, M.Sc. (Tyndall Research Student). 

(From the Mining Research Laboratory, University of Birmingham.) 

(Communicated by J. S. Haldane, F.R.S. — Received March 18, 1931.) 

Various points requiring further investigation were left over from the paper 
communicated in 1929 (1), and the present paper describes the further study 
of these questions. A description of the methods employed, including analysis, 
will be found in the previous paper. 

The subject of the experiments was a miner from a colliery in North Stafiord* 
shire, who had been more or less acclimatised to working in a hot place, although 
lately he had been employed on surface work for some months. The experi- 
ments were carried out in two groups of 1 week each, one of a fortnight, and 
a further one of 1 week, the results being shown in Tables I, II, III, IV 
and V. 
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l.-^Effeot8 of Rite cf Body Ttmperabure and of Muteuktr Work on tite Amount 

of Sweat Excreted. 

It was found previously that, with the subject at rest, sweating became 
progressively less copious with an increase in the duration of the sweating 
even when water was being drunk. This is confirmed in general by the present 
experiments, and in experiment 21(d) the weight of sweat excreted fell to only 
110 grams per hour. With the addition of the water evaporated from the 
lungs, the total amount of water that could be evaporated per hour would be 
approximately 116 grams, corresponding to an absorption of 67 large calories 
per hour. A man at rest produces about 72 large calories per hour (Martin, 
1930), so that the whole of the 116 grams of water would require to be 
evaporated to prevent a rise of body temperature, if no loss of heat occurred 
by radiation and convection. 

The temperature of the walls of the experimental chamber was approximately 
4° F. below that of the air in the chamber, and this would increase the loss by 
radiation and cause convection currents, which would add to the motion of the 
air caused by the blowing in of heated air through the ventilating pipe. The 
volume of the experimental chamber was 350 cubic feet and the fan delivered 
a current of sir of the order of 80 cubic feet a minute. 

In some of the later experiments (Table V) the loss in weight per hour was 
only 76 grams, with no progressive rise of body temperature, so that it would 
appear that radiation and conduction must account for at least one-third of 
the heat-loss in these cases. 

When the subject was performing muscular work the progressive decrease 
in weight of sweat excreted was much less marked. It will be seen in Table IX 
that with only a moderately high wet-bulb temperature (about 86°) and with 
the rate of work and amount of water drunk kept as uniform as possible, there 
was no large difference in either the chlorine concentration of the sweat or in 
the amount of sweat lost during each period of an experiment. The rise in 
body temperature was as distinct as in the resting experiments, and yet a 
moderate sweat excretion was maintained. The increase in the excretion of 
sweat during the week, combined with a slight decrease in chlorine concen* 
tration, indicates that the subject was becoming more acclimatised, la some 
cases, however, when work was being performed, the amount of sweat lost 
was large in the first period of each experiment and fell to a considerably lower 
figure in the last period, although the wet-bulb temperature was gradually 
increased during the course of the test. This was pi^cularly i^own in 
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experiment 34 and to a smaller eztmt in experiments 33, 36 and 36, also 23 
and 24. A much smaller sweat loss will be seen in the final periods of experi- 
ments in which the subject was at rest, although in all oases the subject had 
plenty of water to drink. This is in accord with previous results, and confirms 
the conclusion that the sweat-glands are liable to partial exhaustion with pro- 
longed sweating, although during muscular work the exhaustion is much less 
marked. 

Another factor, no doubt, is the degree of acclimatisation of the subject, 
or his physical condition at the particular time. Thus experiment 33 was 
performed on the Friday of one week and experiment 34 on the Monday follow- 
ing, and although the wet-bulb temperature was slightly higher in the former, 
the latter showed a greater sweat excretion, the average rates of work being 
practicaliy identical. 

It was noticeable throughout the experiments that the subject in general 
seemed more comfortable when working than when at rest, although from the 
mouth temperature and pulse rate the reverse would rather be expected. This 
may be largely a psychological matter, however, since merely sitting still in 
the experimental chamber for hours on end is rather depressing. In hot 
weather many persons seem to experience less discomfort in taking some kind 
of active exercise than in sitting down, provided the exercise is not too strenuous. 
In experiment 22 the rate of work was too high for the subject to prevent a 
distinct and progressive rise in body temperature. 

From the experimental data, it seems that the amoimt of sweating is not 
only due to a rise in body temperature, for with the same rise in body tempera- 
ture as at rest the performance of muscular work considerably facilitates the 
sweating. It seems probable that some product of muscular metabolism is 
responsible for this, though the connection might be some less direct one. 

II . — The Concentration of the Chemical Constxtuenta of Sweat. 

The concentration of chlorine throughout the experiments was lower than 
that found for previous nibjects. It seems, therefore, that J. D. S. would he 
len likely to suffer from water poisoning than an individual with a higher 
ohlmine concentration of his sweat. It will be apparent that when the subject 
was at rest the chlorine ooncentration of the sweat tended to increase in genenti 
doripg the course of each experiment, this being in accord with the resuUs 
published previously. When the subject was at work this progressive increase 
ym not aa marked. I^e highest ooncentration sometimes occurred during 
the second period; but the chlorine concentratimis of each pmod of tiie 
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expenment did not vary one from another to the same extent as when the 
snbiect was at rest. 

It is important to remember that-blood-plasma contains about 0*6 per cent, 
of sodium chloride, while the chlorine concentration of the sweat in these 
experiments was on the average about 0*08 per cent., corresponding to 0*13 
per cent, of sodium chloride. Haldane (1928) has explained very simply that 
isotonicity in two solutions with the same solvent signifies equality, in the 
two solutions, of the mutual diffusion pressures of the solvent. The diffusion 
pressure of solvent (viz., water) is greater in sweat than in blood, so that sweat 
is strongly hypotonic and must, therefore, be regarded as a very active 
secretion. With fatigue of the sweat-glands the chlorine concentration rises, 
as might be expected. Sweat would require to have a concentration of nearly 
1 per cent, of sodium chloride, or 0 * 61 per cent, of chlorine, in order to be isotonic 
with blood-plasma. 

Individual variations with regard to chloride concentration of the sweat 
and rate of sweating undoubtedly occur, this beiug borne out by the fact that 
some persons living in the tropics consume large amounts of water during the 
day with no ill effects, whilst others either find it essential to drink sparingly 
or feel no desire to drink copiously. Miners working under exactly similar 
conditions may drink from 3 pints of water each to 8 pints per shift — although 
the loss of chloride from the body may be roughly the same in each case through 
differences in the amount and salt concentration of the sweat excreted. 

Hie effect of raising the wet-bulb temperature of the sir on the concentration 
of chlorine in the sweat is quite marked, doubtless owing to fatigue. Thus 
the first four experiments in Table III, viz., 29, 30, 31, 32, were characterised 
by low values for the chlorine concentration ; but in the next experiment 
(viz., 33), where the wet-bulb temperature of the air in the chamber had been 
raued, there was a distinct rise in the chlorine percentage as well as in the 
weight of sweat excreted ; this was also evident in experiments 34, 36, 36 
(Table IV). 

The effect of the performance of work on the salt concentration of sweat is 
s matter which has a distinct prsctioal bearing. In experiment 23 (Table I) 
tile subject was doing work in the first and third sections, but was at rest 
during the second section. The results show a variation in the chlorine con- 
centration which is almost negligible, and the percentage of potassium only 
varies very slightly. In other tests where the sulqeot was at rest during each 
section, experiments 38 and 39, the difference from experiments in whitii work 
was performed lay in the progressive rise iu chlorine oonceniratiion. 



Fur^er Invetiigation of Sweating and Sweat. 335 

was not evident, however, in experiments 41 and 48 where only slight sweating 
occurred. It must be noted that the amount of work performed in any df the 
experiments was never very great, and the rate of work was never more than 
two-thirds of that for an average working miner. The difficulty of discerning 
the effect of work on the salt concentration would appear to be in eliminating 
the other variable factors in the case, the chief of these being, perhaps, tiie 
physical condition of the individual. 

The absolute percentage of potassium in the sweat did not vary to any 
marked extent, and was of the same order as that found with previous subjects. 
The percentage of chlorine calculated as potassium chloride showed, however, 
a very large variation, the lowest values being found, as might be expected, 
when the chlorine concentration was high in consequence of fatigue of the 
sweat-glands. It is obvious that this ratio must vary inversely as the chlorine 
concentration, provided that the percentage of potassium remains constant. 
The percentage of chlorine as potassium chloride was much higher, particularly 
in the second and third sections of an experiment, than was found previously, 
and is more in agreement with an isolated analysis by Ivon Graham, quoted 
by Moss (1924), which showed that 40 per cent, of the chloride present in sweat 
was in the form of potassium chloride. A high value for this ratio is apparently 
due to individual differences in the composition of sweat and not merely to a 
personal taste for a diet rich in potassium, since the fact that this ratio was 
not raised by the subject taking large doses of potassium chloride has been 
shown in previous experiments (1929). 

It was desirable to ascertain if appreciable amounts of inorganic salts other 
than chloride were present in sweat, particularly during the later stages of a 
test, and also to obtain more data with reference to the percentage of organic 
matter. Analyses of the ash of some of the samples of sweat were therefore 
performed. 

Awdyais of 8wtal Ash . — ^After evaporating the sweat and washings to dryness, 
the solid matter was transfixed to a platinum boat, and the latter 'placed in a 
length of combustion tubing which was fitted into an electric furnace. By this 
procedure the sweat could be ashed in a stream of oxygen at a temperature 
of 860® to 700® C. without any loss of chloride. 

A tyi^l result is shown in the table below : — 


Expedmaiit M (e)~ 

‘*“*•>0114 matter 0-868 pstoMt. 

Ohloriim(Ca) 0-144 „ 

Solphate (SOf) O-OU „ 
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From Table IV it will be seen that the ohlorme in the origmal sweat and 
washings was 0-145 per cent., and that the percentage of ohlorine calculated 
as KGl was 17. If the chlorine and sulphate in the ash are each oidculated as 
being 17 per cent, combined with potassium and 83 i>er cent, with sodium, the 
percentage of sodium and potassium chloride is 0*250, and sodium and potas* 
sium sulphate 0*023 — giving a total of 0*273 per cent. This latter figure will 
be seen to account very nearly for the whole of the ash, viz., 0*282 per cent. 
The figures for the experiment above are for the third hour of the test, and the 
loss in weight was low (220 grams) ; but a considerable amount of sweat was 
excreted during the first and second periods, viz., 990 grams and 615 grams 
respectively. Thus in the later stages of a test after considerable sweating, 
the proportion of organic matter to ash is about 1 ; 3, and practically all the 
inorganic matter is in the form of chloride, since, as shown below, most of the 
sulphate is formed during the process of ashing. 

The change in the proportion of organic matter to ash during the coarse of 
an experiment is shown in the table below : — 


! 

Experiment No. 

] 

\ 

Weight lost 
through skill. 

Solid matter. 

Ash. 

Oiganic matter. 


grains. 

1 

per oent. 

per cent. 

per oent. 

27 (o) 

430 

0*200 

0*108 

0*082 

ic) 

300 

0*207 

0*166 

0*061 


The ratio of organic matter to ash was approximately 1 : 1 in the first period 
of the experiment, while in the third period it had fallen to 1 : 3. This explains 
the fact that in the previous results the proportion of organic matter to ash 
was found to be greater in experiments where the total loss in weight was 
small than where it was large. An estimation of sulphate in the sweat and 
washings of experiment 27(a) gave a figure of 0*007 per cent., while the ash 
of tim same liquid gave 0*021 per cent. Most of the sulphate in the ash was, 
therdore, not present in the sweat as such, but probably as organically 
combined sulphur. Phosphorus determinations woe carried out on the sweat 
and washings of experiment 27(a) and (c) but gave negative results, and any 
phosphate present could only have amounted to traces. The probability 
of contiumination of sweat in the early stages of a test with the products ol 
broken-down cells from sweat-glands and other sources (mentioned in the 
previous paper) is strengthened by the figures quoted above for the yariation 
in the propo^on of organic matter to ash. 
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in. — Aw Conditions as determined by WetAndb Temperature and Wet Kata 

CooUng Power. 

Although wet Kata cooling powers are included in some of the experimental 
results, it is now recognised that, with low readings, the values do not give a 
true measure of the effect of the air conditions on an individual. The directions 
now given with a Kata themometer state that it “ does not measure the 
cooling power of the air on the human body, but enables one to measure 
conditions which are comfortable and invigorating, and so secure these in 
rooms.” It will be seen from the results that with a wet Kata cooling power of 
from 4 to 6 the subject was able to perform a moderate amount of work without 
serious discomfort, of. experiments 26 and 31. After 3 hours in the chamber 
with the cooling power approaching 2'5 it was apparent that the subject 
would soon have to stop work or come out of the chamber, as the mouth 
temperature and resting pulse rate were rising continuously, the latter reaching 
140 at the finish of experiment 22. Pulse rate reacts more sensitively than 
mouth tem^rature to the condition of the surrounding air, and this will be 
seen in Tables I to V. 

When the subject was at rest, values for wet Kata cooling power could not 
be obtained in many cases since the wet-bulb temperature was very near to 
95° F., and in some cases was closely approaching 96° {cf. experiment 43). 
In experiment 41, the average air temperature in the chamber was 94*6° F. 
saturated, and only a small rise in mouth temperature occurred after 3 hours, 
while the pulse rate finally reached 110. The weight lost through the skin 
was very low and the subject scarcely appeared to be sweating visibly. With 
a chamb^ temperature of 96*8° F. saturated, the pulse rate gradually mounted 
to 124 in 3 hours (experiment 43), although the mouth temperature had only 
risen to 99*7° F. In one of the earlier experiments (No. 21) at rest, which was 
conrinued for 4 hours, the air temperature was 94*6° F. saturated in the final 
hour, and the pulse rate reached 140 and the mouth temperature 100*6° F., 
the subject was unable to regulate his body temperature and further pro- 
longatbn of tbo e3q>eriment would have involved the risk of unpdeasant 
symptoms. MoGonnell and Houghten (1923) found that in general “ very un- 
comfortable sensations are felt sdter the pulse rate exceeds 136 pulsations per 
minute, and tlie atmospheric condition becomes unbearalde when the rate 
exceeds 160 per minute.” 

Tim results of the experiments in Tables I to V indicate that a modoate 
aomunt <Kf work (1700 foot-lbs. per minute) can be performed without undue 
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discomfort with a wet Kata cooling power of about 8, provided that the subject 
is to some extent acclimatised to the conditions. The value of ascertaining 
the minimum wet Eata-thermometer reading at which miners can or will 
accomplish their work has been pointed out by Haldane (1929) ; for, if we know 
this, we can infer from the actual Kata-thermometer reading what available 
reserve of physiological regulating power they possess. 

The critical wet-bulb temperature above which a well-acclimatised man 
cannot stay very long at rest in still air in an experimental chamber without 
his body-temperature rising abnormally and continuously was estimated by 
Haldane (6) to be about 93° F. Provided that there is some small air motion, 
it appears from the results of the experiments that this figure can be increased 
to 94° or 96° F., depending to a large extent on the physical condition of the 
subject at the particular time. It must not, however, be concluded that these 
values are of general application, for, as has been stated above, the temperature 
of the walls of the chamber in these experiments was slightly below 
the air temperature. The conditions, therefore, are by no means strictly 
comparable with those obtaining, say, in a mine roadway where the temperature 
of the surrounding strata is usually as high as the air temperature. 

It will be noticed in Table V that although the wet-bulb temperature in the 
experiments at rest and at work was higher than that in Tables 1 to IV, the 
subject was able to withstand the former conditions quite as well as the latter, 
and in some cases (in particular, those at rest) actually with more comfort. 
This is no doubt explained by the fact that the subject had for some months 
prior to the last group of experiments (Table Y) been working underground, 
whilst previously he had been engaged on surface work. Mouth temperatures 
up to about 100° F. should not be regarded as abnormal in experiments of 
this nature, sinoe the normal stimulus to sweating is a slight rise in the blood 
temperature. Thus in experiments 39 and 41 where the rise in mouth tempera- 
ture was quite small, the sweat excretion was of a very low order. 

Summary, 

(1) For a given rise in body temperature sweating is facilitated by the per- 
formance of muscular work, when c<Hnpared with sweating produced by the 
same rise in body temperature with the subject at rest. It seems probable 
that the extra stimulus to sweat production is due to some product of muscular 
metabolism. 

(2) The performance of a moderate amount of work appears to be accom- 
panied by littte rise in the diltnine ooncentiration of the sweat, while a madred 
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increaBe with time is evident when the subject is at rest and the sweating is 
simply due to the wet-bulb temperature of the surrounding air. progressive 
decrease in the proportion of organic matter to ash is observed as sweating 
oontiaues. Although a small amount of sulphate was foimd in the sweat 
during the first period of an experiment, only traces of sulphate were found in 
the sweat collected during the final stages of a test. 

(8) The sweat of the subject of these experiments showed a lower concen- 
tration of chlorine and a much higher value for the percentage of chlorine as 
potassium chloride than was found with the subjects of previous experiments. 
It is evident from this that not only the chlorine concentration but also the 
ratio of chlorine to potassium in the sweat varies for different individuals. 

(4) A moderate rate of work could be maintained when the surrounding air 
had a wet Kata cooling power of about 3, the wet-bulb temperature being 
approximately 90® F. When the subject was at rest in the experimental 
chamber an air temperature of 95® F. saturated (t.e., the wet EAta cooling 
power at zero) caused little disturbance to regulation of the body temperature. 
These figures, however, appear to be dependent to some extent on the acclima- 
tisation of the subject to the experimental conditions, as well as on the walls 
of the chamber being slightly cooler than the air. 

Most of the expense of this research has been borne by the Safety in Mines 
Research Board, to which body the author is indebted for permission to publish 
the results. 

In conclusion, the author desires to acknowledge his indebtedness to Dr. 
J. S. Haldane for the physiology involved in this research, as well as for valuable 
advice given throughout the whole of the work. 
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A CryataXUne AntwadvUic Substance. 

By T. C. Angus, F. A. Askew, R. B. Boubdillon, H. M. Bbuce, R, K. 

Callow, C. Fisohmann, J. St. L. Pnapor, and T. A. Wkbstbb. 

(From tlie National Inatitate for Medioal Baaeaioh, London, N.W.3.) 

(Communicated by H. H. Dale, Sec.R.S. — Received April 30, 1931.) 

The production of small quantities of a crystalline substance of high anti- 
rachitic activity, by the vacuum distillation of the products of irradiation of 
ergosterol, was described by Askew ef at. (1930, a). We have now been able, 
by improving the technique of preparation, to obtain this substance in larger 
quantity, and in a state of increased purity. 

The more detailed study of its behaviour which has now been possible has 
shown that the intense antirachitic activity is almost certainly inherent in 
the pure compound, and not due to a contaminant. 

Owing to the exceptional difficulty of purification in the sterol group, we 
cannot yet be certain that this substance is a single compound, but we think 
the provisional adoption of a name is justified, for the sake of convenience, 
and suggest “ Calciferol ” in view of the high antirachitic activity of the 
substance. 

The following account is divided into four sections, describing, respectively, 
the preparation of the crystalline substance, its properties, its probable degree 
of purity, and its relation to normal vitamin D. 

Pbepabation of the Cbystalline Pboduct. 

The method of preparation now used is a modification of that described by 
Askew et al. (1930, a). The following account describes chiefly the ohangw 
made in the process, and for fuller details reference ^ould be made to the 
fonner paper. 

The ergosterol used in this work was supplied on special terms by Messrs, 
Boots, Messrs. Britiah Drug Houses, and Messrs. Burroughs Wdhxnae, to 
whom we wish to make acknowledgment. It had been reotystalliaed from a 
mixture of alcohol and benzene, and the only impurily present in signifioaitt 
quantity was about 6 per cent, of a-dihydroergosterol, which oouM not affsci 
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Ute resuhs obtained, since it is practically unafiected by irradiation, and is 
removed by digitonin (Callow, 1931). 

Irradiation of Ergosterol. 

A 0*3 per cent, solution of ergosterol in pure, dry, air-free ethyl ether was 
allowed to flow through a water-cooled spiral of silica tubing of 4 mm. bore, 
closely surrounding a vacuum-type mercury vapour lamp. No light filter 
was used, and the rate of flow was kept between 20 and 30 c.c. per minute, so 
that between 76 and 60 per cent, of the ergosterol was transformed. 

Removal o^ Unchanged Ergosterol. 

The irradiated solution was evaporated to dryness under reduced pressure, 
and at a temperature of 26° to 36° C. The residue was then treated with 90 
per cent, alcohol, or, in a few cases light petroleum, at about 0° C., and the 
solution filtered from undissolved ergosterol. In the first three preparations 
the residual ergosterol was then removed from the alcoholic extract by pre- 
cipitation with digitonin, evaporation of the filtrate to diyness, and extraction 
of the residue with ether. The ethereal solution was then evaporated to dry- 
ness before distillation. In the later series the filtrate from the undissolved 
ergosterol was evapora^ and distilled directly. The fractions of distillate 
^en contained small amounts of ergosterol, which were removed by precipita- 
tion with digitonin, as described in the section on crystaUisation. 

Distillation. 

The distillation and fractional condensation were carried out in the high- 
vacuum still of 66 mm. bore described previously, (Askew ee al., 1930, a). The 
temperature at the boiler end was kept at 150° C. for 2 hours, and the dis- 
tiHate condensed as before, at temperatures ranging from 140° C. to less than 
100° C. It was found that the distillate could be divided into two main frac- 
tions, of which that condensing at 125° to 140° C. would not crystallise, while 
the portions condensing below 126° C. crystallised well. 

The redistillation previously carried out was found to be unnecessary. About 
2 g. of irradiation product was distilled at a time, and of this about 26 per 
ontt. was usually left undistilled, and about 37 per cent, was collected in each 
of the two hractions. 

CrystaUisation. 

The more volatile fraction of the distillate was collected by removing the 
ioting tubes from the stUl, and washing the product into weighed flasks with 
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ether. The ether was evaporated, at first in a current of nitrogen, and finally 
under reduced pressure. The solutions oooasionall}' crystallised spontaneously 
during t.hiR evaporation. The residue was dissolved in 100 parts of warm 
methyl alcohol, and 16 parts of waf^r were added, forming a turbid solution. 
On cooling, crystals separated, sometimes only after seeding, and were collected 
after standing for 24 hours at 4** C. Some variation in the proportion of solvent 
to solute was found possible without apparent loss, and on some occasions 
acetone or ethyl alcohol was used instead of methyl alcohol. The average 
yield of crude crystals from a series of 21 distillations was 46 per cent, of the 
weight of the more volatile fraction of the distillate, or 17 per cent, of the 
original resin used for distillation. The highest peld observed was 34 per 
cent, of the original resin. If all ergosterol had not been removed before 
distillation, the crude crystals were treated with excess of digitonin in boiling 
90 per cent, alcohol. After standing in the cold, the precipitated ergosterol 
digitonide was removed by filtration, and the filtrate was warmed, diluted 
with water until cloudy, seeded and allowed to crystallise at 0° C. The 
product was then crystallised from acetone to remove traces of digitonin. 
The recrystallisation was repeated one or more times, usually from methyl 
alcohol. In some cases the distillation products were yellow in colour, and 
then the product was boiled with charcoal to reduce the coloration. 

The following is a typical example of the procedure. The distillate (0’812g.) 
was recrystallised from aqueous methyl alcohol, and yielded 0*309 g. of crystal- 
line material. This was dissolved in 90 per cent, alcohol (15 c.c.), and treated 
with 0*3 g. of digitonin in 16 c.c. of 90 per cent, alcohol. The filtrate from 
the digitonide yielded 0*190 g. of material, which, recrystallised from 2 o.o. 
of methyl alcohol, yielded 0*119 g., m.p. 119-121*6**, [a]Mn + 266° in aloohoL 
A further recrystallisation from 60 per cent, ethyl alcohol yielded 0*075 g., 
m.p. 123-126°, [a]IJ,i -I- 268°. 

Visible, oily impurities are readily removed by recr}rstallisation from methyl 
alcohol, but complete purification is not effected quickly, or without con- 
siderable loss, from any of the solvents used. 

Precautiona agmnst (hndaUon. 

It appears necessary to take careful precautions against oxidation during 
irradiation, and throughout the other stages preUminaty to distillation. For 
this purpose commercial 99*6 pet cent, nitrogen waa purified hy passage 
through vessels contuning co]^>er wire immersed in an aqueous sohitio& ai 
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ammonia and ammoninm chloridet and then through a washing and drying 
train. 

This purified nitrogen was used in preparing the solution of ergosterol in 
oxygen-free ether, and, in all manipulations prior to distillation, whenever 
evacuation was unsuitable. We think it probable that the purificatimi of 
the nitrogen has been an important factor in the increased ease of or3r8tallisa- 
tion which has been obtained since the work published in 1930. 

Propesties of Calciferol. 

Methods oj QitarUiUUive Mecuuremml. 

(a) The antirachitic activity was measmed by the radiographic technique 
described previously by fiourdillon et al. (1929). The results are expressed 
in terms of Medical Research Council units per milligram. Thus, the state- 
ment that calciferol has an activity of 20,000 means that each milligram of 
calciferol contains 20,000 Medical Research Coimcil units. The same result 
could be expressed by saying that 1 mg. of calciferol has twice the antiraohitio 
activity of 1 mg. of the irradiated ergosterol used in preparation of the M.R.C. 
standard solution, as now issued from this Institute. 

It may be pointed out that the results now found for calciferol are almost 
identical with those recorded in the paper on distillation by Askew et al. 
(1930, a), when correction is made for the difference in units employed, and for 
the fact that the former workers used a somewhat stronger standard solution. 

A detailed study of the errors in our antirachitic tests has now been made, 
and will be published later. We find that the frequency of errors of different 
magnitudes closely follows the distribution given by the “ normal curve.” 
It is therefore correct to say that errors of, or exceeding, twice the standard 
deviation of the results for single tests will occur once in 22 tests. We have 
taken this frequency as a practical limit, and found that the corresponding 
error for tests depending on 10 pairs of rats (half on standard solution and 
half on the test solution) is -)-40 or —29 per cent. The majority of tests 
described in this pap«r were based on more than 10 pairs of rats, and the 
lowest number used was 8 pairs. We can therefore say that measurements 
of antiraohitio activity are probably correct within H-40 or —29 per cent. 
It may be renuurked that ^e variation between results for the 18 tests shown 
in Table I is well within this range. 

(h) Meaewrement cf Absorption Spectra.— The absorption spectra were 
measured in aloohoUo solution by a photographic method, using a hydrogen 
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tube as source of Ught, a Hilger logarithmic sector, and a microphotometer, as 
described in a previous paper (BourdiUon, ei al., 1930). The extinction coeffi- 
cients plotted in the diagrams in this paper are calculated by the formula 

* == (logic lo — logic Ii — K)/Cd, 

where Ig and are the intensities of light before and after traversing the 
solution, C is the concentration in grams per litre, and d is the thickness of the 
layer of solution in centimetres. K is the figure representing the absorption 
of the silica ceU when filled with solvent only. This figure is subtracted from 
the total absorption, in order to give the absorption due to the dissolved 
substances only. 

(c) P<darimebry. — ^The specific rotations of the specimens (shown in Table I) 
were measured using the mercury green line (5461 A.U.), in 99 per cent, ethyl 
alcohol, generally at a concentration of about 0*2 per cent., in a 4 dm. tube, 
with an instrument reading to 0*01°. The expected error in specific rotation, 
due to all causes, is estimated to be within 2°. The measurements plotted in 
figs. 3 and 4 were made on dilute solutions of concentration 0*01 per cent., 
and have an appreciably larger error. 

(d) Mdling Poinls . — The melting points were determined in sealed capillary 
tubes heated slowly, and are uncorrected. 

Physical Properties. 

The most reliable values that we have obtained for the properties that we 
have measured are as follows : — 

m.p. 123-125°. 

+ 260° in alcohol (concentration 0*2 per cent.). 

Extinction coefficients — 

X 290fn(x 282 mix 271 m[x 247 m|x 

e 15*3 26*6 33*7 19*3 

The absorption spectrum is shown in fig. 1, together with that of purified 
ergosteroi. It is interesting to note that a curve of this type, with mAyimi iTw 
at or near 270 m|x, has been attributed to vitamin D by various workers. 

The compound is very soluble in most organic solvents. It may be 
recrystaUised from about 10 parts of methyl alcohol or acetone, or from 
aqueous ethyl alcohol. It forms sheaves of small needles from methyl 
alochol, or long, flat needles from acetone or aqueous ethyl alcohol. 
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Fio. I. — Absorption Spectra of Calciferol and ErgoeteroL 


Antirachitic Activity. 

The mean antirachitic activity of the different samples is 20,000 units per 
milligram, and thus is approximately equal to the best values that we have 
been able to obtain for the resinous products of irradiation of ergostciol, 
after removal of unchanged ergosterol. 

Stability. 

The purified substance appears surprisingly stable when stored, either in 
vacua, or in dry air, for 1 or 2 months. 2 ‘03 mg. of sample 6c kept vn vacuo 
for 66 days showed no detectable change in absorption spectrum, or in anti- 
rachitic activity (No. 6c.X56d, Table I). This stability is in striking contrast 
to the behaviour of the crude products of irradiation of ergosterol as observed 
by Windaus (1930), and by ourselves, and also in contrast to the behaviour 
of the impure crystals recorded previously by Askew d al. (1930, o). Another 
specimen (Sd) was kept for 44 days in air, in a weighed vessel, over phos- 
phorus pentoxide in a desiccator shielded from light. Weighings at intervals 
of a few days showed no change in weight, and at the end of the period no 
certain change could be detected in the optical romtion, absorption, or 
antiiadiilac activity (Table I, No. 8d.it.44d). The losuhn indicate t&at the 
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stability of calciferol is of the same order as that of ergosterol itself, and that 
it may be possible to use this substance as an absolute standard of antirachitic 
activity. 

Elementary Analysis ami Molectdar Weight. 

We are indebted to Mr. H. P, Marks for the micro-analysis of one of the earlier 
samples (No. (k). The mean of three determinations gave, C, 84*9 per cent. ; 
H, 11*1 per cent. The theoretical values for €27^42^^ ^^re C, 84*7 per cent. ; 
H, 11*1 per cent. The molociilar weight as found by the depression of the 
freezing point of camphor (Rast's method) was 370, in fair agreement with the 
calculated value for C27H42O of 382. These results indicate that the substance 
is probably an isomeride of ergosterol. 

Colour Jteactimis. 

The following colour reactions of the crystalline* substance are clear and 
definite, in contrast to those of the crude irradiation products. 

Concentrated sulphuric acid : bright red. Salkowski : acid layer bright 
red. Liebermann-Burchard : yellow red intense emerald green. Bromine 
(Tortclli-Jaff4), blue-green. Iodine in acetic acid (Rosenheim and Callow, 
1931), brilliant green without selective absorption, in contrast to ergosterol, 
which gives a bluish-green, developing more slowly, with absorption bands at 
550 and 600 m[x. Antimony trichloride: bright yellow. Mercuric acetates 
in nitric acid (Rosenheim and Callow, 1931): chloroform layer evanescent 
pink changing to deep yellow, then yellow in both layers. Trichloroacetic 
acid : pink, changing rapidly to orange, then yellow-brown. The pink colora- 
tions with the last two reagents suggest the presence of a A’*’* (or A^’^®) 
linkage (Rosenheim, 1929). 

Chemical Reactions. 

The substance does not form an insoluble digit^nide. Attempts to prepare 
an oxime or a semicarbazone by the usual methods have failed. On the other 
hand, attempts at esterification have been partially successful, and afford 
strong evidence that the compound contains an alcoholic hydroxyl group. 

Esterification. 

(a) PrefarcAion and Hydrolysis of an Oxalale . — 82 mg. of calciferol were 
dissolved in a mixture of ether (5 c.c.) and pyridine (2 c.c.), A solution of 
oxalyl chloride in ether (about 1 c.c. of 20 per cent.) was added drop by drop, 
sritli constant shaking and stirring, until the mixture acquired a yellow colour^ 

2 B 2 
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which perdistecl after boiling for a few minutes. The mixture was poured into 
water. The ethereal layer was separated, washed with dilute acetic acid and 
water, dried over sodium sulphate, allowed to stand with charcoal, and 
evaporated to dryness. The resinous residue (83 mg.) was dissolved in 
ethyl acetate and precipitated by the addition of methyl alcohol. The precipi- 
tate was an amorphous powder (weight 30 mg.) which could not be obtained 
crystalline from a number of solvents which were tried. 

On warming with very dilute aqueous alcoholic sodium hydroxide, hydrolysis 
occurred, and the original crystalline material separated on dilution with 
water. After one recrystallisation from aqueous methyl alcohol, this showed 
a melting point, rotation, absorption spectrum, and antirachitic activity 
differing only slightly from those of the original specimen of calciferol, thus 
proving their identity (cp. Table I, Nos. lid and llox.6). In the aqueous 
solution of the products of hydrolysis of the ester, the presence of oxaUc acid 
was easily demonstrated. 

(6) PrejxmUion and Hydrolysis of an Acetate , — 40 mg. of calciferol were 
boiled under reflux for 5 minutes with 1 c.c. of acetic anhydride. After pouring 
the mixture into water, and keeping at 4® for 2 days, the oil which separated 
was washed with water. No crystalline material could be isolated from a 
number of solvents tried. The oil was sparingly soluble in methyl alcohol, 
and was washed with this solvent, leaving a residue which was boiled with 
2 c.c. of 20 per cent, alcoholic sodium hydroxide, in which it dissolved slowly. 
When the mixture was carefully diluted with water, an oil separated which 
soon solidified, m.p. 11^1-117'^. Recrystallised from aqueous methyl alcohol, 
needle^s were obtained, m.p. 1 13-117®. A mixture with the original unesterified 
material melted at 117*5-121®. The absorption spectrum and antirachitic 
activity proved to be only a litth^ lower than those of the original substance, 
and so confirmed the identity of the recovered product with calciferol 
(Table I, No. 76, 7ac.6). Attempts to obtain other esters have so far only 
led to ill-defined oily products. 

Toxic Effects of Large Doses, 

It is well known that large doses of irradiated ergosterol are toxic, and cause 
loss of weight and death, usually with the deposition of calcium in the heart 
or aorta, and kidneys. Windaus (1930) and Holtz and Schreiber (1930) have 
shown that it is possible to obtain products from ergosteiol which show high 
toxicity with little or no antirachitic action, and conclude that vitamin D 
itself is not necessarily toxic even in large doses. Others, such as Harris and 
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Moore (1928), and Harris and Innes (1931), claim that vitamin D is itself toxic 
in large doses. We have therefore performed a few tests of toxicity on calciferol, 
although we have not been able to make full determinations of an accuracy 
comparable with that of other workers. 

Adult female rats about 14 months old and 220 gm. in weight, were fed on a 
mixed diet containing normal amounts of calcium and phosphorus, and given 
daily doses of the desired amount of calciferol dissolved in each case in 0* 1 c.c. 
of olive oil. The doses were given by capillary pipettes into the animals’ 
mouths. 

The sample of calciferol used was one of the purest specimens obtained (13c) 
and was given in three different doses. Two rats received 0*2 mg. daily for 
22 days, and showed negligible losses of weight of 6 and 13 g. respectively^ 
but no other perceptible effects. Two rats received 1 mg. per day, and showed 
large falls in weight of 50 and 51 g. respectively in 28 days. They were then 
killed by coal gas, and the heart and kidneys examined. Kadiographs of the 
excised organs showed no calcium deposits. Two rats received doses of 2 mg. 
daily for 17 days. Both died on the 17th day, after a loss in weight of 
86 g. and 68 g. respectively. Post-mortem radiographs showed considerable 
calcification of the heart, and of the wall of the stomach, but no visible deposits 
in the kidneys. Histological examination showed extensive deposition of 
calcium in the heart (muscle and A.V. junction), in the stomach (muscle and 
mucosa), and in the kidneys (arterioles and straight and convoluted tubules) 
in these two specimens. For comparison, tests were made with doses of 2 mg. 
and 0*2 mg. of a mixed irradiation product of ergosterol, from which the 
greater part of the 33 per cent, of unchanged ergosterol had been removed by 
treatment with cold alcohol. The radiation had been carried out in the spiral, 
iising unfiltered light as described earlier in this paper. The results wore 
closely similar to those obtained with calciferol. 

Owing to the small number of tests performed, these results must be inter- 
preted with caution. They appear, however, to show that calciferol is of 
approximately equal toxicity to a normal irradiation product. It should 
nevertheless be pointed out that the discovery by Windaus (1930) of the pro- 
duction of highly toxic substances by heating irradifted ergosterol makes it 
conceivable that the apparent toxicity of calcifm)! is due, not to the substance 
if»elf, but to traces of a toxic contaminant. 
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Effect of UUra-violet Radiation. 

Owing to their considerable intermt, a series of tests was made showing the 
rate of destruction of calciferol by ultra-violet irradiation. In these tests the 
crystals were dissolved in absolute alcohol (air-free) to a concentration of 0-01 
per cent., or 0-0025 per cent., and irradiated in a silica cell with plane walls 
1 cm. apart, by a mercury vapour lamp (atmospheric prc.s8ure, K.B.B. type, 
2-6 amps. 120 volts across the arc). A light filter was always used, either 
(A) a 1 per cent, solution of xylene in alcohol, excluding wave-lengths shorter 
than 275 my., and transmitting freely wave-lengths longer than 280 wp, 
which are referred to in this paper as “ long waves,” or (B) two separate cells 
containing layers 2-5 cm. thick of chlorine gas, and of bromine vapour respec- 
tively ; these transmitted chiefly “ inactive ” wave-lengths longer than 
600 and “ active ” wave-lengths between 210 »ip. and 280 mp.. Although 
the layers of gas were too thin to exclude wholly the wave-lengths between 
280 my. and 600 my., the greater part of these were absorbed, and the trans- 
mitted radiation is here referred to as “ short waves.” The distance from lamp 
to solution was 7-5 cm. when filter A was used, and 11 cm. with filter B. Before, 
and during, irradiation the solutions were carefully protected by purified 
nitrogen from contact with air. 

In the first test, solutions of calciferol were irradiated in 0-0025 per cent, 
solution and photographed (for absorption measurements) at interv'als, with- 
out removal from the cell. The resulting changes in absorption arc shown in 
fig. 2 for the two wave-lengths of 290 mp and 271 my.. It was found that 
irradiation by long waves produced a continuous, rapid fall in absorption at 
all yrave-lengths. Irradiation by short waves also produced a fall in absorption 
at 271 mp, but this fall was irregular, suggesting the formation of an inter- 
mediate product, which was itself more slowly converted on further irradiation 
to a product of negligible absorption. This was fully confirmed on examining 
the data for the changes in absorption at other wave-lengths which were 
caused on irradiation by short waves. At 247 my. the fall in abscsrption was 
continuous. At 271 wp the curve showed signs of a plateau. At 282 mp 
the plateau was well marked, and at 290 mp the initial fall was replaced by 
a rise as shown in fig. 2. 

These changes are further illustrated by the curves shown in fig. 6, which 
show that short waves form an intermediate product with maxunal absmption 
at a wave-length slightly exceeding 282 mp. This product is itself destroyed 
much more slowly than the original calciferol. Fig. 6 shows the oorrespotiding 
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absorption spectra for the products of irradiation by long waves, and shows 
a regular decrease in absorption at all the longer wave-lengths. It is note- 



Fio, 2. — Changes in absorption at wave-lengths 271 and 290 m/x produced in calciferol by 

long waves and short waves. 

worthy that the regular fall produced by long waves, and the intermediate 
production by short waves of a substance with maximal absorption at or near 
280 m\j. are reminiscent of the changes produced on re-irradiation of ordinary 
undistilled products of ergosterol which had been originally exposed to long 
waves only (Askew el al., 1930, b). 

A second test was carried out in which alcoholic solutions of the calciferol 
of concentration 0*01 per cent, were irradiated, and then used for measure- 
ments of absorption, rotation and antirachitic activity. In this series« separate 
portion of solution was used for each period of irradiation. 

The results of irradiation by long waves are shown in figs. S and 5. In 
fig. 8 the measurements of absorption at 271 tnp are shown as dots on the 
continuous curve. The measurements of rotation are shown as crosses, and 
the measurements of antirachitic activity as circles. All three are plotted to 
corresponding scales. The small arrows represent the upper and lower limits 
of probable error fi>r the antirachitic tests. Owing to the small concentration 
^ tike solutiott tiie probable error of the polaiimetrio measurements is appreciable 
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even in the higher readings, and at the lowest point might even zeaoh 15 



Fio. 3. — Changes in properties of oaloiferol on irradiation by long waves. • eztinotion 
coefficients ; x [aJiMx ; O antiraohitio activity. Arrows show limits of maximum 
errorfl in antiraohitio activity expected once in 22 time$. 


These results show a striking agreement in rate of destruction of the three 
properties of absorption, rotation, and antirachitic activity. This agreement 
shows that, either all three properties are due, mainly, if not entirely, to one 
single substance, or that, if the different properties are due to two or more 
substances, these substances are destroyed at similar rates. It thus affords 
strong presumptive evidence that the antiraohitio activity of these crystals is 
an inherent property of the crystals, and is not due to traces of an active 
contaminant. Study of the reaction velocities shows, however, that the values 
shown in fig. 3 do not fit any simple reaction, unless it is assnxi^ that there 
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is a mall qnantitjr ot a second snbstanoe diowing absoupbon and ant a adnti c 
aotivity present in the later stages, omng either to production during radiation 



Ft6. 4.— Changes in properties of oaloiferol on irradiation by short waves. 


of such a substance, or to the original presence of a small quantity of it in 
the crystals. 

The results for irradiation by short waves are shown in figs. 4 and 6, and are 
widely different from tihe above. Fig. 6 confirms the evidence given previously 
for the formation of an intermediate product showii^ maximal absorption 
near 380 mp, and fig. 4 shows that this product probably has no antixaohitio 
activity, but probably has dextrorotation. 

It be mentioned that the results shown in fig. 4 alone could be explained 

by the assumption that the crystals contained two substances of different 
pwpertiet. This hypothesns, however, could not in itself explain the rise m 
at 200 «(* Aown in fig. 2, since that necessitstes the formation 






CryataUine Antirachitic Stibstance. 


3S5 


of a new absorbing Bubstance. Accordingly, the results of irradiation by short 
waves afford evidence neither for nor against the crystals being a single sub- 
stance. 

3. A third tcBt was carried out in an attempt to separate partially one of the 
two compounds of which the crystals might possibly consist. 

It is known that exposure to ultra-violet radiation is a very efficient means 
of removing c»rgosterol from cholesterol, and it was thought that, if the crystals 
did consist of two or more different substances, irradiation would probably 
exert a preferential destructive action on one of them. 

(a) 100 mg. of the calciferol crystals (sample lOd), of [alJJei + 250^, were 
exposed in 0d)l per cent, solution in ethyl alcohol in a closed silica cell for 
3 minutes to long- wave radiation from a mercury arc at 7 - 5 cm. distance. The 
specific rotation fell from *-1-250® to +85®. On the addition of water a slow 
deposition of oil and cr)mtal8 occurred. The latter were recrystallised from 
aqueous methyl alcohol, and then from acetone, giving 5 rag. of a product of 
m.p. 104-111®, [ajfjei -4- 211® and antirachitic acthnty 17,600 (9 pairs of rats). 
Although the sample was too small to purify fully, it clearly showed a relation 
between rotation and antirachitic activity similar to that observed in the 
original crystals. Hence, if the original crystals did owe their rotation and 
antirachitic activity to two separate compounds, the latter were either destroyed 
at approximately equal rates, or else crystallised in unchanged proportions 
from a mixture containing different relative amounts from those usually present 
when such crystals are prepared. 


Evidjbnce as to Purity of Crystals. 

Unfortunately, the occurrence of solid solutions and molecular compounds 
is particularly common among the sterols. The impossibility of freeing chole* 
sterol from ergosterol or ergosterol from a-dihydroergosterol by recrystallisa* 
tion, and the example of “ y-dihydroergosterol,'’ which was shown by Lettr6 
(1930) to be a molecular compoimd of a-dihydroergosterol and epidihydro- 
ergosterol, illustrate the impossibility of assuming that a repeatedly recrystal- 
lised product is either pure or simple. The substance we now describe affords 
a similar problem of especial interest owing to the importance of deciding 
whether the high antirachitic activity is due to an inherent property of a single 
crystalline compound^ or due to contatnination of an inactive crystalline com- 
pound with small quantilaes of a vitamin of an intense activity, exceeding that 
of any preparati(m yet made. 
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We have paid special attention to this question^ and have obtained the 
following evidence bearing on it. 

1. Constancy of Properties , — The crystals show physical properties of a 
degree of constancy, as shown in Table I, that would be expected in a single 
compound, contaminated with small quantities of impurities. Thus they have 
been prepared on 15 different occasions, and have always shown similar 
properties, which have approached to a not quite constant limit as the puri- 
fication proceeded. 

2. The evidence afforded by the results of irradiation of the crystals has 
been given above, and certainly provides support for the view that the crystals 
are inherently antirachitic, and do not contain large amounts of impurity. 

3. The Effects of Heal and Distillation , — ^As mentioned in the paper on die- 
tiUation (Askew et cU,, 1930, a) our process of distillation and fractional con- 
densation caused considerable destruction of vitamin in ordinary mixtures, 
and also caused partial separation in mixtures of cholesterol and ergosterol. 
We therefore applied it twice in sucxsession to a specimen of the crystals, with 
a view to effecting a partial separation of two constituents, if present. 

205 mg. of sample lOd of calciferol were distilled at 150° for 2 hours in a still 
of 36 mm. bore. The vapours condensed partly as resinous droplets, and 
partly as crystals. 176 mg. condensed bcitween 122° and 96° C., and 75 mg. 
below 90° C., leaving a residue of 4 mg. undistilled. The less volatile fraction 
showed 4 154°, indicating that considerable decomposition had 

occurred. 

170 mg. of this fraction were redistilled for 45 minutes at 150° C. leaving a 
residue of 48 mg. ([a]”#! + 64°), a fraction of 96 mg. condensing at 97-123® C., 
and showing [alfjji + 172°, and a more volatile fracti&n showing [a]“ji + 79°. 
The total decomposition was thus considerable. However, the less volatile 
fraction readily crystallised, giving a product that on recrystallisation from 
acetone, showed a melting point of 119-122*6°, [kImsi + 234°, and an anti- 
rachitic activity of 21,300 units per milligram. 

There was thus no appreciable change in antirachitic activity, and no sign 
of the preferential destruction of one constituent of a mixture. 

4. Partition between Solvents . — further test was made in which a sample of 
calciferol was shaken with two immiscible solvents, namely, hexane and methyl 
alcohol, in order to effect any separation that might be possible. The two 
liquids were then separated and evaporated, and the residue examined without 
further recrystalHsation. The data obtained are given in Table I (Nos. 14d.H 
and 14d.H), and show no evident of separation, although the rotation of the 
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methyl alcohol product is lowered, possibly owing to impurities from the 
solvent. 

As a result of all these tests, we think it probable that the crystab are com- 
posed of one substance showing high dextrorotation and antirachitic activity, 
mixed with a small quantity (perhaps 5 to 10 per cent.) of a second product 
of lower or opposite rotation. Further, that if this second product also has 
antirachitic activity, it is not intensely active, and is only responsible for a small 
part of the activity of the whole crystals. 

Relation of Calciferol to “ Vitamin D.” 

We have no conclusive proof as to the relation of this crystalline compound to 
the antirachitic substance, or substances, normally produced by the irradiation 
of ergosterol. We have, however, observed certain facts bearing on this 
question as follows. 

1. The average antirachitic activity of a preparation made by irradiating 
ergosterol until 30 to 50 per cent, is transformed, and then removing the 
unchanged ergosterol, is of the same order as the activity of these crystals. 
On the other hand, the rotation is wholly different, the products being weakly 
dextro- or laevo-rotatory according to the exact condition of preparation (of, 
also Windaus, 1930). The crystalline substance cannot therefore l>e the sole 
active substance present in a nonnal irradiation product, since it would have 
to be present in an amount sufficient to cause a high dextrorotation, in order 
to produce enough antirachitic activity. 

It can, therefore, be stated definitely that if the crystals are essentially a 
single antirachitic compound (with only unimportant impurities), there must 
exist not less than two substances possessing intense antirachitic activity. 

2. During the process of distillation two extensive changes occur in the 
properties of the mixture (as measured by considering the sum of all the 
fractions distilled and the undistilled residue). First, there is a large destruc- 
tion of antirachitic activity (of. Askew et al,, 1930, a). Secondly, there is a 
large increase in dextrorotation, due, either to the destruction of a laevorotatory 
substance, or to the fonnation of a dextrorotatory one. 

We have no direct evidence to show whether calciferol is a new compound 
formed by heat, or a normal product of irradiation present in the original 
resin. 

3. The purified calciferol is much more stable in vacuo, and in dry air, than 
is riie vitamin contained in normal irradiation products. It is, however, more 
rapidly destroyed by long waves. 
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We could infer that the increased stability of calciferol in air was due to 
removal of some pro-oxidant present in ordinary irradiated mixtures, and 
similarly that the increased sensitivity of calciferol to long-wave irradiation 
was due to removal of substances of similar absorption that could exercise a 
screening eflfect. An alternative hypothesis is that (jalciferol is essentially 
of different stability from the normal vitamin. We think the latter view the 
more probable. 

4. The antirachitic activity of material in the mother liquors from which 
the crude crystals have been deposited, is often equal to, or even apparently 
slightly greater than, that of the crystals, although the dextrorotation of the 
material in the mother liquors is much less than that of the crystals. 

This again shows that, if the crystals are a nearly pure antirachitic substance, 
there must be a second antirachitic substance of laevo- or low dextro-rotation, 
present in the mother liquors. 

Further deductions can only be speculative until more evidence is available. 
All that can yet be stated is that a large number of facts could be explained 
by the supposition that the irradiation of ergosterol by long waves produces 
simultaneously two isomeric compoimds each of high antirachitic activity, one 
showing dextrorotation, and one laevorotation. Such compounds would 
almost certainly not be enantiomorphic, and would probably show minor 
differences in stability, in sensitivity to radiation, in the products of their 
further irradiation, and in their absorption spectra, such as we have observ^ed 
in comparing the calciferol with the normal early irradiation products produced 
by long wave^. However, this suggestion is merely a guess at one simple theory 
that would explain our observations. 

The suggestion tliat calciferol is a new product formed by he4it from part of 
the original irradiation product must be considered as one of many possible 
alternatives. 


Since this paper was written we have had the privilege of a discussion with 
Drs. A. van Wijk, E. H. Reerink and J. van Niekerk, and were interested to 
learn that the assumption of two antirachitic compounds could be reconciled 
with their own observations on the product of long wave irradiation of 
ergosterol. 

Summary, 

A crystalline antirachitic substance has been obtained by distillation of 
irradiated ergosterol in a high vacuum. 
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A total qtumtily ol several grams of tiiis substance has now been produced, 
as compared witii the few milligrams described in a previous paper. 

Attonpts to detect a possible contaminant of high antirachitic activity have 
all failed, and it is believed that the observed activity is an inherent property 
of the substance. 

The name calciferol ” is provisionally suggested, pending further elucidation 
of the structure of this substance. 

The substance shows a high antirachitic activity of 20,000 M.R.C. units 
per milligram, a melting point of 123-125*^ C., and a high dextrorotation 
[ot]^^•, + 260 ^ 

It appears to contain an alcoholic hydroxyl group, and to be an isomeride 
of ergosterol. 

It shows tmexpected stability, being almost unchanged after keeping for 
6 weeks in vacuo, or even in dry air at room temperature. 

Its relation to ** vitamin D ** is discussed, and the conclusion is reached that 
there are probably not less than two compounds each possessing intense 
antirachitic activity. It is uncertain whether calciferol is normally present 
in irradiated ergosterol, or is only produced by the subsequent action of 
heat. 
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The Iwtegratum of Plant Behemowr. III.— TAe Effect of Gramtff 

on the ChowOt of Boots. 

By Sir Fbedebick Keebue, C.B.E., ScD., F.R.S., M. G. Nelson, M.A., and 

R. Snow, M.A. 

(Received April 7, 1931.) 

The question whether the transverse stimulus of gravity afiects the rate of 
growth of various parts of plants has been often investigated, but with results 
that are in part very contradictory. For a convenient discussion of the results 
obtained up to 1926, reference may be made to a paper by Gtadmann (1926, 
p. 237). More recently Dolk (1929) has obtained automatic records of the 
growth of Avena coleoptUes when rotated on the horiaontal axis of the clinostat 
and when placed vertical. His records, which seem quite free from objection, 
^ow so uniform a rate of growth that it must be concluded that in these 
plant organs in these conditions the change from the vertical to the horuontal 
postrion, or vice versa, makes no difference to the rate of growth. Clholodny 
has obtained evidence that in hypoootyls of LufAntu and Hdianthw 
(1929) and in coleoptiles of Avena aativa (1930), the rate of growth is not 
affected by their position in relation to gravity. 

Dolk and Clholodny interpret these results in &vout of the (Tholodny-Went 
theory of geotropism, according to which the geotropic curvatures of roots 
and coleoptiles are brought about by growth^substances continually secreted 
by the tips, which become re-distributed between the upper and lower sides 
qnder the stimulus of gravity, though their total quantity is supposed not to 
be changed. Now the writers regard (his theory favourably, but none the law 
it appears to them that even if this re-distribution does takes {dace, and even 
if it suffices to account for the geotropio curvatures, it remains possible that 
in some plant organs at least the transverse sthnulus cff gravity may also alter; 
the total quantity of growth-substimoe. This point has been enqtbarised by 
Gradmann in an interesting discussion (1930, p. 696). Actuidiy it is sreB known 
that in the nodes of grasses the transverse stimulus of gravity dofii alter the 
rate of growth. For nodes tiiat have completed thafr growth may stait gra^ 
again if placed hmixontal. 

In ^ experiments to be reported here, tlw (Offset of gravity on the growth 



of root* «wi investigated. The measurements were made after longer periods 
than those of Cholodny and Dolk, who did not continue their experiments for 
mote than 21 hours. Our experiments were performed upon the main roots 
of seedlings of Zea mays, of a pure line called Red Cob, kindly supplied by 
Messrs. Sutton of Reading, and the plan was simply to compare the rate of 
growth of horizontal roots with that of vert«ical roots. The seedlings were 
germinated in sawdust and were kept both btdore and during the experi- 
ments in an electric thermostat at a temperature of 20° C. Wlien the roots 
were ready for measurement the seedlings were transferred to saturated air, 
and were pinned in the required positions to strips of cork at the bottom of 
large glass vessels. The vessels contained also a shallow layer of water at th<v 
bottom and were closed with a lid. 

In order to reduce as far as possible the errors due to differences in the rates 
of growth of different roots, the following method was adopted. Large 
numbers of seedlings were grown in batches of the same age, and the rates of 
growth of their roots wert>. measured during a preliminary period or periods. 
Pairs of seedlings were then selected which had grown at almost exactly the 
same rates, and were also of about the same length, and one seedling of each 
pair was arranged with its root horizontal, and the other with its root 
vertical. A preliminary testing of this kind was found to make the results 
much more consistent. 

In the first series of experiments, intact roots were used. Naturally those 
placed horizontal curved downwards. In 3 or 4 hours they curved through 
about 60°, but then, for the most part, curved no more. After this time, 
therefore, the transverse component of the stimulus of gravity acting upon 
the roots WAB only about half as strong as when the roots were horizontal. 
But for a large part of the first period of measurement, which was from 
4| to 7 hours, the horizontally arranged roots were exposed to nearly the full 
transverse effect of gravity, for their curvatures only began to be considerable 
after 2 or 3 hours. For the purpose of measuring the curved roots,' their 
otrdine was first traced on paper. A thread was then laid along the middle 
line of the drawing and tranirferred to a graduated scale. 

Tho following table shows the results cl the first experiment, the mead f^wth 
df the horizontally arranged roots in each serira being expressed as a percentage 
of that of the vertical roots with which they were paired. 
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Experiment l.—Zea mays. Growth of horizoatally arranged intact roots, 
expressed ns a percentage of that of the verticnl roots with which they 
were paired. 


SedM. 

Namber of pairs. 

Growth in flint 

4} to 7 hours. 

In next 

19 to 22} hours. 

1 

27 

132 0 

113*8 

2 

29 

121*2 

102*9 

3 

7 

229*1 

101 *0 

4 

B 

207*1 

90-.1 

5 

6 

178*7 1 

110*0 

6 

B 

129*2 1 

157*0 

7 

B 

131*9 { 

104*4 

B 

« 

127*0 

114*2 

Total 

99 

Mean 144*0 | 

1 110*3 


From this table it can be seen that in the first period the horizontally placed 
roots grew considerably faster than the vertical roots in every series, and that 
in the second period, although they had curved through about 60° they still 
grew faster in every series but one. 

Another experiment was performed in a similar manner on roots decapitated 
at 1 mm. behind the tip of the root cap. Of the horizontal decapitated roots, 
only about 7 per cent, curved downwards perceptibly. The following table 
shows the results expressed as before : — 


Experiment 2.—Zea mays. Growth of horizontally arranged decapitated 
roots expressed as a percentage of that of vertical decapitated roots 
paired with them. 


Series. 

Number in pain. 

Growth in Bnt 6 houn. 1 

In next IB houn. 

1 

B 

1B5*6 

129*4 

2 

13 

108*6 1 

146*1 

3 

9 

mo 

116*0 

4 

5 

mo 

109*0 

6 

6 

MO 

113*0 

Total ..j 

87 

Mean 123*8 | 

1 

126*7 


This table shows that l^c horizontally arranged toots again grew on the ayer-* 
age considerably foster than the verticid roots in both periods of measuremMlt. 
The difference was less than in experiment 1 in the firet period^ but ^^ter in 
the second period, the reason being probabty that the decapitated roois^^ 
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not curve, but lemAined horizontal. It is a point of intereat that decapitated 
roote appear to be aocelendied in growth by the tranaveree stimulua of gravity, 
although thia atinrnluH aeldom causea them to curve. 

In two further experimenta compariaona of the ratea of growth in the 
horizontal and vertical positions were made with maize roota, which, for various 
reasons, were treated in more complicated ways. In one of these experiments 
the roots were decapitated as before, and then had tips of maize coleoptiles placed 
upon them, and in the other experiment they were similarly decapitated, but 
hatl their own tips replaced upon them. The horizontally arranged roots 
mostly curved downwards, though less rapidly and less far than intact roots. 
The two following tables give the results expressed as before : — 


ExperimeiU 3 . — Zea mays. Growth of horizontally arranged decapitated 
roots, wth coleoptile tips placed upon them, as a percentage of that of 
similarly treated vertical roots. 


8one». 1 

I 

1 Number of paira. 

I Growth, 

Period of measurement. 

1 


304 

houni, 

16 

2 


121 j 

24 

3 

15 1 

126 

22 

Total 


Mean 140*6 

i 

— 


Ezperitnenf, i. — Zea mays. Growth of horizontally arranged decapitated 
roots with their own tips replaced, as a percentage of that of similarly 
treated vertical roots. 


1 

aeriee. j 

Number of pairs. 

Growth in Orst 

5 to 6 hours. 

In next 

15 to 16 hours. 

1 

16 

164 

ISO . 

2 

11 

100 

080 

Total 

27 

Mean 141*8 

188*3 



I^m Tables 3 and 4 it can be seen that the horizontally arranged roots 
again jprew the faster except in the second series of experiment 4, in the second 
peaiod of nteasurement, in which they grew more slowly. 

latea of growth in width also of decapitated nutiie roots were compared 
m ywtioal and horizon^ Fairs of roots were used whioh wen 
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found to be growing iu length at equal rates, while itiU vertiQfl^ asiathe previous 
experimente. They were then decapitated at 1 mm. from the tip of the root 
cap, and their diameter was measured close to the cut ends with a horizontal 
microscope with micrometer eye-piMe. The foUowring talde shows the growth 
in width of the horizontal roots expressed as a percentage of that of the vertical 
roots: — 

Experiment H.—Zea mays. Growth in width of decapitated horizontal roots 
as a percentage of that of the decapitated vertical roots paired with 
them. 


ScrieB. Number of pain. Growth in 6 to 6) hours. 


1 

6 

200 

2 

6 1 

241 

\ 

! 

0 

160 

Total 

18 

Mean 197 


This table shows that growth in width also was accelerated in the horizontal 
position, and more strongly so than growth in length. 

Experiments on growth in length similar to experiments 1 and 2 were per- 
formed on roots of pea seedlings also. The two following tables show the 
results obtained with intact and decapitated roots of peas : — 


Experiment B.—Pisum sativum. Growth of horizontally arranged intact 
roots, expressed as a percentage of that of the paired vertical roots. 


1 

Series. | 

Number of paiis. 

Growth in first 

6 to 7 hours. 

in neit ^ 

16 to 18 hours. 

1 

9 

71 

no 

2 

6 

108 

02 

3 

7 

116‘3 

102-2 

4 

4 

164*8 

118-4 

5 

6 

124*4 

68-4 

« 

8 

148*3 

104-1 

7 

7 

126*6 

120-8 

Total 

46 

Mmu IMO 

102-7 






SxpmmeM f .—Pinm tatiifum. Orowl^ of hcnizontally arniiiged docapitotod 
roots expressed as a percentage of the paired vertical roots* 


1 

SeriM. 

Number of pain. 

Orowth in 9rit 

6 to 6 hours. 

In next 

16 to IS hours. 

1 

7 

98 

106 

2 1 

S 

78*2 

82*0 

3 

6 

185*4 

67-3 

4 

8 

108-6 

77-9 

6 

7 

146-8 

1301 

ToUl 

36 

Mom 110-7 

92-8 


The above two tables show that in pea seedlings also the horizontally placed 
roots for the most part grew faster than the vertical roots. The results with 
pea roots^ though less regular than those obtained with maize, nevertheless 
lend delGlnite support to the conclusions to be drawn from the experiments 
with maize roots. 

The results obtained with maize seem quite sufficient to show that the 
rate of growth of the root is accelerated in the horizontal position. This 
conclusion was quite unexpected, and even though correct, the writers, for 
the reasons already given, do not consider that it is in conflict with the 
Chdodny-Went theory of geotropism. 

Summary. 

In maize seedlings, the main roots, whether intact or decapitated, were found, 
when placed horizontal, to grow more rapidly than similar vertical roots, 
both in length and in width. 
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The Development of Various Strains of Leishmania in 
Chinese Sandflies. 

(A Report of the Kala Azar Commission of the Royal Society.) 

By Eowabd Kindle,* Wellcome Bureau of Scientific Research. 
(Communicated by H. H. Dale, Sec. B.0. — ^Rec.eived April 14, 1931.) 

A study of the development of the Chinese strain of Leishmania donovani 
in PUeboUmus ckinensia (= P. major var. ehinensis) and P. sergmti var. 
mongolensis (subsequently referred to as P. mongolensis) has shown that 
although in both species the Leishmania develops into the flagellate stage, it 
is only in P. ehinensis that the flagellates become attached to the lining of 
the anterior part of the crop, and only in this species that they ever invade 
the phaiynz and buccal cavity. In P. mongolensis the flagellate forms 
remain confined to the hinder part of the stomach, do not become attached 
to the lining and, moreover, persist only as long as undigested food is present 
(Kindle, 1928). 

It seemed of interest, therefore, to study the development of other strains 
of Leishmania in these two species of sandflies, to see whether any specific 
correlation existed between them. 

Through the kindness of Dr. Marshall Hertig three non-Chinese strains of 
Leishmania were obtained from the Peking Umon Medical College. These 
strains were as follows : — 

1. An Indian strain of L. donovani, originally isolated bom kala azar cases 

at Gkiloghat, Assam, by Major Sbortt and his colleagues. This strain 
had been maintained in cultures for at least one year before bong 
received. 

2. A Tunis strain of L. infantum, originally obtained in onltoze from Dr. 

Nicolle, and winch had been maintained in culture for several yean. 

The peculiar feature of the infection produced in hamsten by tkis 
stxain was the occurrence of a viscend infeotkm which died out, and the 

* The observations recorded in this paper were begun in China and ooulHhMied, fay Und 
perinission of the BeH Trustees, whilst the autiwr was hcddiiig the Beit Meoiorial Kiflbwdiip 
' in Ttopioal IfocUdae. 
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subseqnmit looaHsaidon of th« paraate in the testes and the neighbottr^ 
hood of the joints, where it produced marked eweOing. (Hindle and 
Thomson, 1928). 

3. A strain of L. tropica isolated by Dr. C. W. Young on April 1, 1926, £rom 
cases of oriental sore in Baghdad, and subsequently maintsined in 
culture. 

Chinese hamsters, both Cricettdus griseus and C. trUon, were inoculated with 
each of these strains, and sandflies fed on infected anim als and dissected after 
various intervals. The methods employed for the feeding experunents were 
identical with those detailed in our previous reports (Patton and Hindle, 
1927). In addition, sandflies were fed artificially on suspensions of Leishmania, 
by using the feeding apparatus recommended by the Hertigs (1927). 


ExperitnenU with an Indian Strain of L. donovani. 

Animal Experiments. 

The cultures received from Dr. Hertig were at the seventh passage in sub* 
culture since their isolation from kala azar cases in Assam, approximately 
one year previously. 

Twelve hamsters (Nos. 767 to 778) were each inoculated intraperitoneally 
with 0*2 c.c. of a saline suspension from a 12-day old culture containing 
numerous fliagellates. Five days later all the hamsters were re-inoculated 
with a similar dose from a 17-day culture. Four of these hamsters died at 
intervals of 2 to 10 weeks after being inoculated and were negative. 

No. 773 died after 13 weeks, and although the spleen was not enlarged— an 
ahnost constant feature of infections with the Chinese strain— films of the 
liver and spleen showed the presence of large numbers of Leishmania. 

No. 774 was killed after 14 weeks and showed a moderate infection of the 
iqdeen md liver. 

No. 770 died after 4 numths with a slightly enlarged tqtleen and films of 
fiver and splem were poedtive. 

No. 769 was killed after 4| months and showed no si^ of infection and organ 
fifans were negative. 

also killed after 4| mtmtiu, had an enlarged spleen and films of tite 
fiver, q>leen and testis showed an extremely scanty infection ; the bone marrow 

montiis and had a greatiy enlarged i^een. 



liver wd i^een oontemed a aioderete mfeotkm, biitidlie bMw nuotow nw 
negative. 

No. 775 was killed after 7| months and had a gteatij enlarged spleai but 
had only a moderate infection ct the liver, and scanty infections of tite Sj^een 
and kidney. The bone marrow was negative. 

No. 777 was also killed after 7| months and showed a greatly enlarged spleen. 
Films of the liver, spleen and bone marrow diowed very rare parasites. 

In tills original experiment, therefore, 7 out of 12 hamsters became infected, 
but only one of them (No. 773) showed a degree of infection in any way com* 
parable with the type of infection resulting from inoculation with flagellates 
of the Cihinese strain of kala azar (Hindle and Patton, 1926). 

Two giant hamsters, Cricetulus triton, were also inoculated from the same 
suspension of flagellates used in the above experiments. 

No. 779 was killed 7 months later and showed no signs of infection. 

No. 780, lolled 3 weeks later, had a greatiy enlarged qtleen ; films showed a 
moderate infection in the spleen, and very scanty infections of the liver and 
bone marrow. 

Subinooulstions were made from these infected animals into 16 Crioetidus 
griteoB (Nos. 886 to 894 and 903 to 908) ; and 4 C. triton (Nos. 901, 902, 909 
and 910), and with one exception aQ these hamsters showed typical infections 
with Leishmania when examined 3 to 4 months after inoculation. The results 
obtained, therefore, by the inoculation of tite non*flagellate stage td this 
Tniliaii strain, direct frmn one hamstmr to anotiier, resemble those obtained 
with the Chinese stoun. 

Be$uk$ FoeSUmg Stmifiiet on Hamrtert Iitfeeted wUh on Indian Strain 

tf L. donovaoL 

The above-mentioned hamsters were used for transmiwion experiments 
with two species of sandflies, vis., Phlebatomui tdinentU and P. mongoilemit. 
In all cases the methods employed were those described in prevkras reports of 
our Commission (Patton and Hindle, 1927 ; Hindlb, 1928). The results of 
tiiese ffiqteriments are summarised in the folhnrmg tables - 
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S72 

Discuamn of BesuUs. 

The results of these experiments clearly indicate that the Indian strain of 
Leiahmania does not develop in P. chlnenaia and P, mongolenaia with the same 
readiness as Chinese strains of this parasite. 

In the case of P. cMnenaia a total of 47 flies were dissected of which 35 were 
negative and 12 positive. With three exceptions, however,^ these positive 
flies showed very scanty infections, quite unlike the type of infection resulting 
when these sandflies are fed on a Chinese strain. 

In every instance the flagellates were free in the hinder part of the stomach, 
and there was no suggestion of the anterior development and attachment of 
the flagellates to the wall of the gut, which is such a marked feature in the 
case of the Chinese strain. The infection rate with the Indian strain is approxi- 
mately 26 per cent., as (compared with approximately 78 per cent, in a corre- 
sponding series of experiments with a Chinese strain (Patton and Hindle, 
1927). 

Moreover, a very heavily infected hamster (No. 776) showing parasites in 
the subcutaneous tissue, was used for four out of the five feeding experiments 
recorded in Table A, therefore the conditions were favourable for the produc- 
tion of a high infection rate, had the sandfly been a suitable host. The results 
of the inoculation of these flagellates into four hamsters and the feeding experi- 
ment of S.77 gave uniformly negative results, but even with Chinese strains 
there is only a comparatively small percentage of infections, therefore these 
results are too few to be of any significance. 

The results of the feeding experiments with P. mongoleriaia on 21 different 
hamsters infected with the Indian strain of kala azar, also indicate that this 
strain does not develop in this Chinese sandfly with the same readiness as the 
local strains of the disease. It will be seen that out of 464 sandflies dissected, 
mostly after an interval of only 4 days, flagellates were found in only 29 
individuals, giving an infection rate of approximately 6 per cent., as compared 
with a rate of about 36 per cent, obtained with a Chinese strain of Leiahnuxnia 
(Patton and Hindle, 1927). The type of development was sirailar with both 
strains, the flagellates being confined to the hinder part of the stomach and 
never becoming attached to the wall of the alimentary canal. Six hamsters 
inoculated with the contents of these positive sandflies remained uninfected. 

The conditions of the feeding experiments with these Chinese and Indian 
strains of kala azar were made to resemble each other as much as possible, 
and therefore, the marked difference in the infection rates in both species of 
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sandflies strongly suggests a biological distinction between the two strains. 
The Chinese strains of Leishinania readily develops in the two common local 
sandflies, P. chinensis and P. nmtgolcnsisy but the Indian strain, although 
showing some capacity for develoi)mont in these sandflies, evidently does not 
find favourable conditions in them, as shown by the very low infection 
rate, and especially by the absence of any tendency to become attaclied to the 
lining of the gut, or of any development in the anterior part of the stomach of 
P. chinensis f which is such a marked feature with Chinese strains of the disease. 


Experiments mith a Tunis Strain of Leishmania infantum. 

The results of attempts to infect hamsters with i. infantum have been 
reconied in a previous publication (Hindle and Thomson, 1928), and it is only 
necessary to state that the hamster is much less susceptible to this strain than 
to the Chinese and Indian strains of L, donovanL Some individuals, however, 
showed many parasites in the peripheral blood, and presumably in such cases 
any sandflies fed on them must have had an opportunity of becoming infected. 

In every case the hamsters used in the following experiments were killed 
and examined for the presence of parasites, and any flies that had been fed on 
negative animals wen^ eliminated. In addition to feeding on hamsters, one or 
two sandflies were fed artificiafly on cultures of this parasite, which, of course, 
were in the flagellate stage. The method used was that devised by the 
Hertigs (1927), in which the sandfly is held in position in a glass tube by a spilt 
cork, and the medium fed to the insect by means of a fine glass pipette placed 
over its proboscis. After a little practice flies were readily fed by this method, 
and in such cases one could be quite certain that any insect thus fed had 
ingest^ parasites. 

The results of all feeding experiments with this strain, whether on hamsters 
or on artificial media, are summarised in the following tables : — 



Table C. — ^ExperimeniB with Phlebolomus chineiim. 


374 E. Hindle. 







1 

II 







H 

.g-a 

a O 







O '1 

|.s 







i| 

l| 


4 





ii 

|>s . 


c 

e 

ee 

c 

1 




•9 1 1* 

•o « i 

l-s -p 

p 

o 

•9.S-g 

^ ii3 
g i 

i 






^‘F 

5«J e. £ 

i&i 

1 

*o 

Ui 

1 





Oh Oi4 

S p >1 

8 a *^45 

5 3 

® -o i <»p 

11 1 
jit 


1 

s?? 

Negative. 

Negative. 

i gl 
'2 '2 

ll 

S3 

•i 

1 

s 

Two negative ; 

inocnlaled into 
AH negative. 
Both negative ; 
Negative : refed 
Negative. 
Negative. 

AH negative. 
Both negative. 
One negative ; ( 
hinder part of 
bamater S.170, 

s’ 

} 

t 








imbe 

files 

ssect 


mil 

94 OD 

m 

CO eo 94 ^ 

'<9 94 




■ 














2 1 8 i 








sill 

»,|ji 


94 

94^ 

1 

1 

CO <*r »o « 00 

•fl* lO «> 

fM« 

44M 

llls 

le 

lO 


'<1* 

r-a 


ij 

||S| 

5 


i 

00 

s 

s? 


















B 2 





to 

94 

n 

1 s 









*o . 










CO 

o 



o 


1.1 





wm 

*-< 


















III! 

3 

sl- 


149 

(16.6.27) 

^9t 

pl 

04 uj 

1 












DevdojntmU o/Leishmania in Chinese Satidjlies. 


I 

£ 


a 

<v 

a 

'n 

K. 


Q 

03 

3 






a 

t 

TJ 


k 

T 

‘S 


t 

ca 


Z 1 

iiJI 

i*'l 

>r, ^ 


"Hill 

l^l'l 

i r f I 

S-|^ 

'O 

Hi 

c U J3 . 
tM a< 'J 'ts 

I?- 

i 3 c J 

5?"=SS 


S 

&£ 

a 5 

Eh 


I 


C 

9 

O/ 


ja 

o 

.5 

I 

3 


c 

£ 

c 




S « 

I I 

a " 

^1| 
. Z ^ 

ll’S 

. S)-a * 
t» ‘3 r 

i « ^ “ 

^ .a <= 

c ^ " 

c ^ 


s. . 

rc 

<L »'• 

C H- 

C fc, 

O' 


5^* 

c 

•il 

c .= 
C H 

a 


..^ t: 

. a i fc 

114 r'S 

& *T5 C ^ 

c p *1 w 
=5 .i £: .i S 
<'u. flH 


^ ^'2 
*9 1 o o 
o ?? 2 

.s: il <= 

•t; 4* £ 

5 « 

6 a c 

gj§ 
c .. 

.► C w 


•ill'll 

S[« c := 

‘ o c o ^ 

^ B e £ 

^ o .5 .2 « 
h: H X 


TJ 

•g 


.a 


&. 

o 

B 


O' .s o 

*23 tS ^ 2a 
<« 46 5*" « 
SO ttt' & so 

S 4, C ^ 

_ n § c 

^ ^ 5^ ^ 


O o *22 
> c* ee 
*23 '23 ^ 

S,&fe 

Sg^ 

=J==.SP 
Hi ^ W 


fl 

il 

I ■2 

cl 

^I'a 

S ~o 

9 ) ^ S 

B 

^ T o 
js >* s 

"S c ’3 
a 2 s 
C w g 
o >» 

B fjs 
” 

§1 i* 

y ^ 

s a> a> 

iS|'2 

«r- E O 

p S.2 


X -' S 
. . ^ •- 

> '2 
*23 *23 sc ^ 
« « Si -2 

bc so B *5 

s g g i 

i=s= fe .S 

H» H* 


!?< ffO -•»* i- 


I" <M ec *-t o 


s.^ 

60 O 

ii 

I 

<8 B 


P 

s & 

£ 

B5 5 
© > 
g'E 

4a 9 
9 X 
X> 


« «6 ce 5i te 
sc sc SC.2 .M S 

O O © 4- 4, 

2 “2 S3)i 

9 S3 S (Lf SS 


Oi >-4 12 PM ^ ^ 


<N rc '«f 1.2 X» I- 


)5i 


*#4 

O . 

|l 

a s 


HI 4a 

||i| 

l|1l 


VOL. OVUI.— B. 




2£^ 


2 1) 


376 



876 


E. Hindle. 




■ 4 ^ 

o 

o 


Xi 

H 





2 i> 2 



878 


E. Hindle. 


The results of these experiments indicate that both P. chinemis and P. 
mongolensiis are not favourable hosts for the development of this strain of 
Leishmania infantum. In the case of P. cMmnsis, 41 flies fed well on four 
different hamsters, each well infected with L, infantum, yet only four individuals 
showed the presence of flagellates in the stomach, and three of these had only 
very scanty infections. Also one fly that was fed artificially with a rich culture 
of tliis strain showed no signs of flagellates W'hen dissected the following 
day. 

In the case of P. monz/oUmis, 573 flies were fed on 17 different infected 
hamsters, and of these only 18 showed the presence of living flagellates when 
examined after suitable intervals, although another two flies contained 
degenerating flagellates. 

In addition, two flies were fed artificially on a culture of the flagellates and 
dissected respectively 1 and 7 days later. Both were negative. 

The contents of most of the infected sandflies were inoculated into normal 
hamsters, none of which showed any signs of infection. 

Experiments with a Bagdad Strain of Leishmania tropica. 

This strain was originally isolated on April 1, 1926, by the late Dr. C. W. 
Young from a case of Oriental Sore in Bagdad, and when received had been 
subcultured six times. Attempts were made to infect hamsters By the 
inoculations of these cultures, but the results show that very fevr successes were 
obtained. 

Five young male hamsters (Nos. 781 to 785) each received an intratesticular 
inoculation of a rich culture and 3 days later were all reinoculated intra- 
peritoneally with another culture of the same strain. These animals were 
killed and (‘xamined after intervals varying from 1 to 7 months, and only one 
(No. 781), killed after nearly 5 months, showed any signs of infection. In this 
animal a few parasites were found in the testes, but the liver, spleen, bone- 
marrow and abdominal lymphatics were negative. 

Five female hamsters (Nos, 786 to 790) and two males (Nos. 791 and 792) 
were inoculated intraperitoneally with the same suspension used above, and 
the animals killed and examined at intervals varying from 5 to 7 months, 
except one which died after 3 weeks. None of these animals showed any 
signs of infcctioji. 

Two hamsters (Nos. 79.3 and 794) were exposed to infection by shaving the 
nose and rubbing a culture into the excoriated surface. They were examined 
at intervals up to 7 months later without showing any signs of infection. Tiro 
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giant hamaters, C. triton, and a 4 weeks old puppy were also inoculated with 
negative results. 

It will be seen, therefore, that out of 14 small hamsters, two large ones, and 
a puppy, inoculated in various ways with these cultures, only one individual 
(No. 781) became infected. In this animal the infection was confined to the 
testes. 

Three male hamsters (Nos. 915 to 917) were each inoculated intratesticularly 
with a saline suspension of the testes of hamster No. 781. Eleven weeks later 
these animals were killed and examined. No. 915 showtMl a slight infection 
of the right testis, whilst the left testis and all other organs were negative ; 
No. 917 showed a very heavy infection in the right testis, which was atrophied, 
a slight infection in the left testis, and all other organs were negative ; 
No. 916 showed no signs of any parasites in its organs, but the left testis 
was atrophied and caseous. 

Three female hamsters (Nos. 918 to 920) inoculated intraperitoneally with 
the same suspension showed no signs of infection when examined at the same 
time as Nos. 915 to 917. 

The results of these few experiments suggest that the testis is the only organ 
of the hamster in which this strain of i. tropica is able to develop, and that the 
intratesticular method of inoculation is the one most likely to succeed (see 
also Wenyon and Hindle, 1928). 

ExperimcfUs with Sandflies, 

In view of the localisation of the parasites to the te^stis it was not to be 
expected that sandflies fed on these hamsters would show any development of 
flagellati>8. One batch of P, mongdensis, however, was fed on hamster No. 915 
and 22 flies dissected after an interval of 3 days They were all negative. 

The results of artificial feedings, although few in number, indic>ate that P. 
fnongolensis may possibly be a suitable host for the development of L. tropica, 
but further observations are necessary. The results of our experiments are 
as follows : — 

March 29, 1927, — One P. mongolensis and one P. chinensis were each well 
fed on a culture of L. tropics and kept at 25"^ C. The following day they were 
dissected and the first species was negative, whilst the other contained only 
one or two flagellates which were obviously degenerating. 

April 12, 1927.— Two P. mongolensis and one P. chinensis were each fed on 
a rich culture of L, tropica and kept at 24^^ C. The following day one of each 
•pecues was dissected and both were negative. On the following day the 
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surviving P. mongolensis was killed and dissected. Numerous flagellates were 
present in the stomach, but none in the anterior cardla. 

April 16, 1927. — ^Two P. mongolensis were fed on a culture of L, tropioii. 
Three days later one was examined and found to be negative, whilst the other, 
dissected on the fourth day, contained a few flagellates in the stomach. 

It will be seen, therefore, that out of five P, mongolensis fed on cultures of 
L, tropica, two became infected ; whilst of two P. chinensis, one showed 
flagellates the following day and the other was negative. 


Experiments with Phlebotomus squamirostris (= taianensis) and a Chinese 
Strain of Leishmania donovani. 

In nature, this species of sandfly feeds on cold-blooded animals, and although 
we succeeded in feeding some individuals on hamsters, we were never able to 
get any to feed on human subjects. Consequently this si)ecie8 can have no 
significance in the transmission of kala asar, as it would never be exposed to 
infection. It seemed of interest, however, to see wdxether human Leishnania 
would develop in such a species of sandfly. 

The earlier experiments were made by means of artificial feeding and are as 
follows : — 

Jum 2, 1927. — One P. sijmmirostris was fed on a culture of a Chinese strain 
of If. donovani and kept at 25° C. Four days later it was dissected and found 
to be negative. 

June 6, 1927. — Three P. squamirostris were fed on a suspension of the spleen 
and liver of hamster No. 173, heavily infected with a Chinese strain of kala 
azar. Two days later they were dissected. One was negative, but the other 
two were heavily infected with flagellates in the stomach. 

The results of this experiment clearly show that the Chinese strain of LeisJh 
mania is capable of developing to the flagellate stage in P. squamirostris, but 
curiously enough all attempts to infect them by feeding on infected hamsters 
gave uniformly negative results. A total of 22 of these sandflies were fed on 
five different hamsters, all proved infective to P. ohinmsis and P. mongolensis. 
These flies were dissected at intervals ranging from 1 to 7 days, yet no trace of 
Leishmania could be found in any of them. It is difficult to explain the 
negative results of these experiments, as in most instances either P. iMnerms . 
or P. mongolensis were fed on the infected hamster at the same time as the 
P. squamirostris, and yet whilst some of the former invariably diowed the 
development of flagellates, the latter were uniformly negative. 
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The extremely rapid digestion in this species, resulting in the gut becoming 
empty within 24 hours, may explain some of the negative results, but this is 
not a full explanation, in view of the positive results obtained when the flies 
were fed artificially. 

DiHctmion of Results, 

The results obtained by feeding two species of Chinese sandflies, P, chinemis 
and P, mon^olensis, on hamsters infected with tliree different strains of Leisk- 
mania^ are summarised in the following tables : — 

Results of Feeding P. chinensis on Hamsters Infected with Different Strains 

of Leishmania, 


Hirain of Ij^Uhmania, 


ChinoM^ . .. 

Indian 

L, infantum 


Number of 

Number showing 

ftiea fed. 

flagellates. 

167 

122 

47 

12 

41 

1 4 


Pr^roantago. 


78 

25-5 

9-8 


Results of Feeding P. immgolemis on Hamsters Infected with Different 

Strains of Leishmnia, 


Strain of Leishmania, 

1 Number of 

I flies fed. 

i 

Number showing 
flagellates. 

i 

Peroentage. 

ChineM ! 

1170 

430 ! 

36 

Indian 

464 

i 2** 

6 

L, infantum 

673 

16 1 

3*14 


When making any comparison between these results, it is important to 
remember the possibility of individual variation in the infectivity of hamsters 
inoculated with the same strain, as well as the different types of infections 
obtained in these animals when infected with different strains. 

In order to eliminate, as far as possible, differences due to individual varia- 
tions in the susceptibility of the vertebrate host, sandflies were fed on several 
infected hamsters, so that other conditions being equal, any difference in the 
infection rates would be of significance. Differences in the general type of 
infection produced by different strains, however, can only be met by feeding 
sandflies artifioially with cultures or suspensions of the Various parasites. 
Thus the fact that sandflies fed on a hamster infected with L. Uropica never 
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showed any flagellates in the alimentary tract is almost oertainly due to the 
peculiar localisation of the parasites to the testes of infected animals. As a 
result a sandfly feeding on such an animal would not ingest any parasites and 
consequently would not become infected, even though the gut of the fly might 
furnish ideal conditions for their development. 

The other three strains all agree in producing a general type of infection in 
the hamster, but whereas in the case of the Chinese and Indian strains of 
L, donovaniy the infections are progressive and usually remain generalised, 
L, infantumy on the other hand, after first producing a generalised infection of 
the viscera, afterwards tends to be restricted to certain regions of the body, 
especially the neighbourhood of certain joints, and in the testes. Sandflies 
fed on hamsters infected with any of these three strains would have a reason- 
able chance of ingesting parasites, since they all invade the blood circulation. 

Assuming that on an average the sandflies had similar chances of becoming 
infected, it is obvious that there are very marked differences in the capacity 
for development shown by these three strains. 

In the first place, the only sandflies that ever showed flagellates in the cardia 
and pharynx were P, chinensis that had fed on hamsters infected with Chinese 
strains of Leishmnia donovani. P. nmigolensis fed on hamsters infected with 
the same strain, and with few exceptions on the same individuals, never showed 
any invasion of the anterior region of the alimentary canal, the flagellates 
being confined to the stomach. Similarly, both these species of sandflies 
after feeding on hamsters infected either with an Indian strain of kala azar, 
or with L. infmiumy merely showed flagellates free in the stomach. 

The results suggest that although there is a general capacity on the part of 
Leishmaniay after being ingested by various species of PhlebotomuSy to develop 
into the flagellate stage, it is only when there is some biological relationship 
between the two that development proceeds further. When this occurs the 
flagellates become attached to the lining of the gut, especially in the cardia, and 
invade the pharynx, from where they may eventually extend into the pro- 
boscis. The writer’s views, therefore, are in full agreement with those advanced 
by Adler and Theodor (1927), based on the results of their feeding experiments 
with P. papaifmii on a strain of L, brasUiensis, two strains of L. infantum and 
strains of L. trofim. 

When making feeding experiments with various species of sandflies to deter- 
mine which is the most probable carrier of any particular strain of LeUhmaniay 
attention should be concentrated on any which show this particular type of 
development, for the mere production of flagellates in the gut of an insect. 
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especially if unaccompanied by any obvious multiplication in their numbers, 
is of little significance. Where a definite multiplication of the flagellates 
occurs, as in the case of the Chinese strain of L, dotwmni in the gut of P, 
m<mgclensiH, it is possible that there is an approximation to the biological 
(ionditions necessary for complete development and invasion of the proboscis. 
In this connection it is of interest that the partial development in P. mongo- 
lemiit was much more easily obtained with the local Chinese strain of Leish- 
mania than with an Indian strain, the infection rates being respectively 3G 
per cent, and 6 per cent. 

With L, infantum the infection rate is even lower, per cent., but this 
, may lie due to the lesser susceptibility of the hamster. 
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Niiriie Formation by Soil Bacteria, other thin Nitrosomonas. 

By D. Ward Cutlbb and B. K. Mitkkrji, from the General Microbiology 
Department, Kothamsted Experimental Station. 

(Communicated by Sir E. John Russell, F.B.8.— Received April 18, 1931.) 

Introduction. 

The biological nature of nitrification in soil was first established by Schlbsing 
and Mfintz (1877). Warington (1878, etc.) at Rothamsted and numerous other 
investigators elsewhere advanced considerably the knowledge of this process. 
Winogradsky (1890) first succeeded in isolating two species of bacteria, one 
capable of oxidising ammonia into nitrite and the other nitrite into nitrate ; 
he further showed that nitrification in soil can take place only through the 
activity of a very limited group of autotrophic bacteria possessing the peculiar 
property of growing exclusively in an inorganic medium having a very pro- 
nounced alkaline reaction. 

In ‘ Nature ’ Cutler (1930) reported that several different bacterial strains 
capable of oxidising various ammonium salts to nitrite bad been isolated 
from different sources. A description of some of these bacteria occurring in 
soil, together with their physiological reactions, is given in this paper. 

As a result of investigations on the growth of bacteria on silica gel plates, 
some species were found which were capable of oxidising ammonium salts to 
nitrite ; but which did not resemble the nitrosomonas group of organisms in 
that they grew freely on nutrient agar medium containing lemco and peptone. 
This was interesting, especially in view of the observation made by Wino- 
gradsky (1890, 1891) that the most striking characteristic of his nitrite pro- 
ducers, Nitrosomonas or Nitrosocooeus, was their marked repugnance to organic 
substances. 

There are, however, scattered references in the literature to organisms capable 
of oxidising ammonia to nitrite and nitrate, and of growing in media containing 
organic as well as inorganic nutrient substances. 

Stfitzer and Hartleb in 1897 isolated Nitrosomonas by using magnesium- 
ammonium-phosphate agar plates. Silicic acid gel was also used by Stfitzer 
(1901), but did not give satisfactory results. 

Beddies in 1899 reported the isolation of nitrifying organisms ; these were 
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not very sensitive to high concentrations of organic matter and the presence 
of humos in the medium aided the growth. 

Fremlin in 1903 isolated a nitrite-forming organism, and showed that this 
bacterium would grow on bouillon. In 1914, using agar, he found that the 
presence of broth or urine increased the activity of this micro-organism ; and 
recently (1930) he has again shown that it is capable of growing in the presence 
of organic substances. 

Makrinoff (1909) isolated a nitrite-forming organism by employing gypsum 
plates and found that the presence of soil did not prove toxic ; a result also 
ol)tained by Gibbs (1909) when cultivating Nitrmmonaa. 

Mishustin (1926) found two spore-forming bacteria in soil which produced 
nitrites in media containing organic nitrogenous compounds, but not in 
inorganic media containing ammonium salts. 

Runov (1926) obtained two species from enrichment cultures, one of these 
produced nitrites from organic nitrogen compounds and from ammonia in the 
presence of organic substSances. Neither organism grew on Winogradsky’s 
medium and the author concluded that there were many bacteria in nature 
capable of forming nitrites in media containing various organic substances. 

The diagonistic characters given in these cases were, however, insufficient for 
identification purposes. 


Experimental. 

In the course of work on the isolation of Nitrosomonas, numerous bacterial 
colonies were picked from silica gel plates for further investigation. These 
were inoculated mto Winogradsky’s liquid medium containing excess of 
ammonium sulphate but no magnesium carbonate.* Periodic nitrite deter- 
mination by the Griess-Ilosva methpd showed that these organisms were 
capable of oxidising ammonium sulphate into nitrite, and the quantities of 
nitrite formed compared very favourably with those found in a similar culture 
inoculated with fresh soil. 

Portions of these enrichment cultures were plated on Thornton’s agar and 
white colonies appeared after 4 days. A number of these colonies were picked 
off and inoculated on to Thornton’s agar slopes, where a copious growth soon 
took place. Six strains, A, B, C, D, E and F were selected for further work. 

In order to test whether the presence of sugar exerted any effect on the 

* It was found from prdiminaiy experiments that magnasinm carbonate was not 
essonfMd to the grow& or activity of these on^minns. 
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production of nitrite by these organisms the following mineral salt medium was 
made : — 

Per cent. 


(NH,)jS 04 01 

NaCl 006 

CaClj 0 002 

MgS047Hj0 OOOOfi 

KHjPO^ 0 03 


The Ph value after autoclaving was brought to 7 • 3 by the addition of NaOH 
and ()•! per cent, sucrose was added to some of the medium. 

50 c.c. portions of these two me<lia were distributed into an equal number of 
250 c.c. Erlenmeyer flasks which were inoculated with the ba(;teria. 

The amounts of nitrite produced in each of the cultures are shown in 
Table I. 


Table. I. — Nitrite Nitrogen in milligrammes per litre produced by the different 
species in mineral salts medium — ^both in the presence and absence of 
sugar. 


Days. 

Sugar. 

A. 

H. 

(\ 

D. 

K. 


Control. 

2 


0 13 

Trace 

Nil 

Nil 

Trace 

0*13 

Nil 



0 13 



Trflwie 


Nil 


5 

4- 

()*2r> 

0 15 

01« 

Nil 

013 

Trace 

»* 


... 

0 13 

Trace 

Nil 

»» 

Nil 

Nil 

r» 

8 


0-5 

0'2« 


0 13 

0*26 

0*25 

** 



013 

0 13 

Trace 

NU 

0 13 

Trace 

»* 

12 1 


0-73 

0*75 

0*25 

0*25 

0*25 

0*5 

ti 

! 

1 ' 

0-25 

0*5 

Trace i 

1 

Nil 

Nil 

Nil 

»* 

J7 


; 1-23 

10 

0*50 i 

0*25 

0*5 

0*5 

»• 


1 

1 0-25 

0-5 

0*26 

0*25 

Nil 

Trace 


TA 

; '{* 

10 

1-0 

0*75 

0*50 

1*0 

1*0 



; 1 

i 0-50 

1 

! 075 

0*25 

1 

0*25 

0*25 

Nil 

— 

28 

1 

1 4- 1 

1 0-5 

0 5 

0*25 

0-75 

0*76 

1*0 



1 - ! 

0'5 1 

0-5 

Nil 

0*25 

0*50 

0*5 j 



It is evident that in the presence of sugar these organisms produced more 
nitrite than in its absence, which is of interest considering that no growth occurs 
in sugar solutions (see p. below). In all the following investigations, therefore, 
the mineral salt medium containing 0*1 per cent, sucrose was used unless 
otherwise stated. 
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To eiusurc that only pure cultures were being investigated repeated platings 
and pickings off of single colonies were made ; and the pure strains finally 
obtained were known as Aj, Bj, C,i, Dg,, E and Fn- 
The nitrite produced by each of these strains from ammonium phospliuti!, 
chloride, lactate, acetate and sulphate is shown in Table IL The nitrogen 
equivalent of each of the added salts amounted to 0 * 02 gm. per 100 e.e. medium. 

Table II. — Nitrite formed by species A^. Ag, Bg, ® 

from various ammonium salts. (Nitrite-nitrogen in milligrammes per 
litre.) 


Ammonium 

salts. 


Phusphato 


Chloridf 


LaoUta^. 


Aodtate 


Sulphate 



Days. 


2. 

4. 

f «. 

9. 

11. 

13. 

16. 

A, 

0 125 

Nil 

Nil 

Trace 

Trace 

Trace 

Trace 

A, 

Nil 

II 

1 Tracjo 

, Trace 

0 125 

0-25 

0-25 

O' 125 

B. 

.. 

•I 

Nil 

Nil 

Nil 

Nil 

<'m 


Nil 

0*25 

0*5 

0-25 

Trace 

Trace 

( '^2 

ft 

99 

Nil 

Nil 

Nil 

I* 

Nil 


»♦ 

1 * 

Trace 

0*5 

0'5 

0'5 

0-126 

K 

It 


0 125 

0-26 

0'25 

Nil 

Nil 

l''u 

»» 

C)i25 

0'25 

0-5 

0 5 

II 

O' 125 

A, 

.. 

Nil 

Nil 

0*25 

0'5 

Trace 

Trace 

A, 

.. 

o-m 

0 25 

0-5 

0'25 

0-75 

0'6 

B, 


Trace 

Nil 

Nil 

Nil 

Trace 

0 125 

<‘.i 

It 

Nil 

•1 

II 

II 

II 

Nil 

(.32 

'IVacc 


II 

Trace 

0*25 

0-26 


Nil 

(il25 

0 125 

0*25 

0-26 

0 26 

0-25 

K 


Nil 

Nil 

Nil 

Nil 

Nil 

Trace 


i« 

♦1 

II 

Tracer 

II 

II 

Nil 



Trace 

O' 125 

0-75 

0-75 

0-75 

0*5 

A, 


0 125 

0-6 

0'5 

0'5 

0*75 

0'5 

B* i 


Trace 

0'25 

0'5 

0-25 

Nil 

Nil 




Trat-o 

Nil 

Nil 

Tiace 1 

•1 


Trace 

Nil 

0 125 

Trac*© 1 

Trmiti \ 

Trace 

I>8» 

O' 125 

0'5 

0*5 i 

0-26 

0*25 

0-25 

K 

Nil 

Nil 

Nil 

Nil 1 

Nil 

Nil 

NU 


»» 

- 

i ** 

99 

•1 

II 

Trace 



11 

I’race 

a* 

II 

«i 

NU 

A, 

Trivt*o 


0 125 

0-25 

0-25 

0'26 

0*125 

B, 

Nil 

II 

Nil 

Nil 

Nil 

Nil 

Nil 


*1 

*1 

II 

Trace 

Trace ; 

** 

f 1 


It 

II 

0 125 

Nil 

NU 

II 

•1 

1)„ 

If 

It 

Nil 

II 

0-26 

0 25 

Tmoe 

E 

If 

II 

II 

If 

Trace 

Trace 

Nil 

Vii 

II 

0 125 

O' 125 

»i 

NU 

Nil 

• > 

A, 

II 

Trace 

Nil 

0'25 

Trace 

II 

>» 

Ai 

II 

O' 125 

O' 125 

0-25 

0 25 


»» 

B, 

It 

Nil 

0125 

0*25 

0‘5 

0 5 

0*26 

f^’i 

Trace 

Trace 

Nil 

0*125 

Trace 

Trace 

NU 

r„ 

Nil 

Nil 

II 

0 125 

O' 12,5 

Nil 

Trace 

i>« 

Trace 

II 

•I 

0*5 

0*5 

0'25 

K 

p$ 

0125 

0-25 

0*75 

0‘5 

Nil 

II 

S'.. 

Nil 

Trace 

0-20 

0-5 

0'25 

II 

11 

1 
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It will be seen that ammonium phosphate, chloride, lactate and sulphate 
can be oxidised into nitrite by these bacteria, but with ammonium acetate the 
oxidation is not very marked. The yields of nitrite are greatest with lactate 
and sulphate of ammonia, the former giving somewhat better results than the 
latter excepting in the cases of £ and F||. 

It is interesting to note that in the majority of the cultures the amounts of 
nitrite diminished gradually, and the following experiments were carried out 
in order to test if the organisms were capable of utilising nitrite. 

Sulphate of ammonia was replaced by sodium nitrite in the mineral salt 
medium containing 0* 1 per cent, sucrose. The amount of nitrite in the medium 
corresponded to 1*8 mgm. of nitrogen per litre, and 5() c.c. portions of the 
medium were distributed into 260 c.c. Erlenrneyer flasks which were subse- 
quently inoculated. 

The results of the nitrite estimations are given in Table III. 

Table III. — Nitrite Utilisation by A^, Ag, Bg, Cg^, Cgg, Dgg, E and (NOg-N) 
originally present : 1*8 mgm. i>er litre.) 

NO|-N in milligram per litre. 


Days. 



A,. 

A,. 

1 i 

1 1 

C„. 

i c ... 

1 


! - 1 

f . i . 

Control. 

1 

0 

1 ; 

1-8 

1-8 1 

1-8 1 

1-8 

i i.g i 

1 

1-8 

1 

1 1-8 

1*8 

1-8 

2 

18 


1 

1-8 

1 1'8 

1-8 

1-8 

Trace 

1*8 

» 

— 

Traoe I 

Trace | 

— 

1 

— 

0 05 

— 

1*8 

4 

0-8 

— 

1 

1*8 

i 0*6 

1*8 

1 — 

NU 

1*8 

6 

1 ' 

i 

Nil j 

— 

1 

! 

j Trace 

i 

i 

1*8 


No nitrate was formed in any of the cultures, so it was clear that none of 
the eight organisms could oxidise nitrite into nitrate. 

It will be observed that A,, B,, E and Fu utilised the whole of the nitrite 
originally present in the medium. A] and appeared to assimilate it partially, 
while and D ,3 did not absorb nitrite at all in the time under consideration. 

It is well known that nitrate-forming bacteria can function only in a medium 
containing nitrite, but it is very curious that nitrite-forming organisms shoidd 
absorb any nitrite that they themselves have produced from ammonium salta. 
It seems probable therefore that, although essentially nitrite formers, they also 
can use niixite for their metabolism. Certain soil Aotinomyoetee are capable 
of utilising nitrite when it is present in low concentoatiicma. 

With a view to ascertaining the effect of soil on the nitrifying powen of these 



Nitfite Formation by Soil Bacteria. 

bacteria, the production of nitrite was studied in sterilised soil treated with 
sulphate of ammonia and inoculated with each species. 

For this purpose air-dried Bamfield soil receiving farmyard manure was 
employed. The soil was passed through a 2-mm. sieve and sterilised by heating 
in an air oven for 1 hour at 190° G. 300 gm. portions of this soil were moistened 
with 60 c.c. of an aqueous solution of 0-1 per cent, ammonium sulphate and 
were distributed into 2-iitre conical flasks previously sterilised. The soil was 
inoculated with 1 c.c. of bacterial suspension. 20 gms. of soil were periodically 
withdrawn, shaken up with 100 c.c. of distilled water and the nitrite estimated 
in the extract by the Griess-Ilosva method. 

The nitrite formed in each case is shown in Table IV. 


Table IV, — Production of Nitrite from Ammonium Sulphate in Soil by Bacteria 
Aj, Aj, B,, Cju. 0,^ Ds 3 , E and NOj-nitrogen in milligrammes per 
kilo of soil. 


Days. 

A,. 

A.. 

B,. 

j c... 


Haa* 

K. 

I’n- 

(.kintrol. 

2 

10 

Nil 

Nil 

Nil 

Nil 

Trace 

Trace 

Nil 

NU 


1-7 


** 

Trace 

Trace 

0-6 

06 

Trace 

• 9 

4 





0-7 


06 

0-6 

>» 


5 

2 0 

Trttwj 

Trace 

1 — 

! 0-25 

— 

— 

0*B 

*> 

0 

1-7 

♦» 

Nil 

1 1-3 

1 Trace 

18 


1 1*7 

»f 

8 

0-9 

0 0 

Trace 

NU 

1-9 

1-7 

1 1*7 

99 

9 



. — 

— 

»» 

— 

19 

1-8 


99 

10 

— 

— 

— 


— 

Trace 

1-3 

— 

99 

n 

i 

0’4 

0*6 

i 

Nil 

1 0-4 



Trace 

*f 

1-3 

10 

99 


It is seen that A^, A,, C,j, Djg, E and are definitely capable of oxidising 
ammonium sulphate into nitrite in soil. In none of the cultures was nitrate 
found. 

Effect of Aeration. 

Aeration has a favourable influence upon most soil organisms, and tt may be 
assumed to be partictdarly beneficial to oxidising organisms. The influence 
of aeration on sonm of the strains isolated was therefore investigated. 

Af and Dsg were selected for this purpose, since they showed such marked 
differences in their assimilation of nitrite. Two flasks eadi containing 100 c.c. 
<ff the mineral salt medium containing O’l per cent, ammonium sulphate were 
inoculated with Ag and Dg, respectively. Air from which the carbon diomde 
and nitrite had been removed was aspirated through the cultures at the rate 
of about 6 litres in 24 hours. The vessels were kept immersed in a thermo- 
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stat in ain tainccl at 23 ° 0. aud samplea of the cultures for nitrite and bacterial 
determinations were taken by means of sterilised rubber tubing. 

The results obtained are given in Table V. 


Table V. — Effect of Aeration on the Oxidation of Ammonia to Nitrite by 
Strains Aj and D33. (Nitrite-nitrogen is expressed in luilligrammes per 
litre and the bacterial numbers in millions per cubic centimetres. 



1 

1 A 

1 

! 

** 



Days. 

NOa‘N. 

Baut«rial 
numbers. I 

1 ; 

NO,-N. 

! 

1 Haeterial 

! numbers. 

t 

i 

0 

Nil 

31-0 

Nil 

1 44-0 

2 

0«2 

48-A 1 

0*5 

1 35-7 

0 

1 0 1 

1 78-6 ! 

1*5 

! 28-7 

7 

0‘5 i 

1 Innnmorabki ! 

1-4 

1 26-8 

8 

0*23 

! 

1-25 

! 32-0 


Aeration evidently stimulated the production of nitrite especially during 
the first few days, since the amounts of nitrite given in Table V are greater 
than those given in Table II. The culture inoculated with A3 showed a rapid 
increase in the bacterial numbers, whereas those in D33 tended to diminish. 
In A2 the nitrite diminished with the age of the culture, but with P33 no such 
diminution was noticed ; this was in accordance with the results already 
obtained (Table III), that while A3 assimilated nitrite vigorously, D33 did not. 


ExperimetUs with Mixed CuUurea. 

Investigations were next carried out with mixed cultures in wliich the 
ammonia was produced from asparagin by the ammonifying bacterium “ YB ’* 
isolated from soil in this laboratory. 

The comjiosition of the medium was : — 

Per cent. 


K3HPO, 01 

MgSO^THjO 0-02 

CaClj ... 0 01 

NaCl . . . 0 01 

®'®Cl2 ... Trace 

Asparagin 0 05 
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The nitrogen equivalent of the aaparagin added was 68 mgm. per litre, and 
the production of ammonia and nitrite was followed. The ammonia was 
estimated by Nesder’s method ; and the results are given in Table VI. 

Table VI. — ^Production of Ammonia and Nitrite from Asparagin by Mixed 
Bacterial Cultures. (Ammonia and nitrite expressed as nitrogen in 
milligrammes per litre.) 


iiiiui. 

3 days. 

6 days. 

1 

Nitrite. 

Ammonia, 

Nitrite. 

Ammonia. 

+ A, 

0 5 

j 

40 

0*85 

60*0 

A, 

Trace 

30 

NU 

I 37*5 

+ C|1 ! 

0*4 

12 5 

! 0*4 

20-0 


0 25 

1 

Trace 

i NU 

15*0 

+ ®i» 

0*8 

37 5 

0*75 

37*6 


0-4 

12*5 

0*26 

10*0 

i + E 

0*4 

25 

0*4 

25*0 

B 

0*2 

12*5 

0*25 

15 0 

+ 

0*5 

25 

0*5 

25*0 

hi 

Trace 

Trace 

1 

0*13 

15*0 


These experiments show that Aj, 0^, Djg, E and can all produce ammonia 
from asparagin though not to the same extent as YB. The nitrite formed from 
the ammonia that they themselves produce is, however, very low in com- 
parison with the nitrite formed in association with YB. These nitrite organisms 
when alone can take an active part in breaking up the asparagin ; but during 
the process they possibly expend most of their energy and are able only to 
take a feeble part in oxidising this ammonia further into nitrite. When, on 
the other hand, they are associated with YB, the asparagin-ammonia txans- 
formadon being mainly brought about by the latter bacteria, the nitiifiers ate 
free to oxidise the ammonia produced into nitrite. Again there was no trace 
of nitrate in any of the cultures. 

Detcription of Strains. 

Ute characterisation of the strains according to the group number as arranged 
hy tile Society of Amerioan Bactenologists is given as follows 


voihtmn.-- B. 


2 ■ 
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Group 

number. Gharacterisation. 


200 

Endospores not produced 

. All. 

10 

Aerobic (strict) . . .*. 

. All. 

1 

Gelatine liquefied 

A,, Cjj, D83, Fy. 

2 

Gelatine not liquefied 

Aj, Bg, E. 

0-4 

No growth with dextrose* 

All. 

0-04 

No growth with lactose 

AU. 

0-004 

No growth with saccharose 

All. 

0-0002 

Nitrates reduced without gas 

Ai> Aj, Bj, E, 

0-0003 

Nitrates not reduced 

®ss> ®ss* 

0-00000 

Non-chromogenic 

All. 

0-000003 

Diastatic action on starch absent . . 

All. 

0-0000004 

No growth with glycerine 

All. 


Total Croup Number. 



Ai 

212-4442034 


A, 

211-4442034 


c„ 

212-4442034 


^aa 

211-4443034 


^^83 

211-4443034 


E 

212-4442034 


Fn 

211-4442034 


The characteristics of the organisms not used for finding the group number 
are as follows : — 

Agar Slopes. 3 days old.— ^The growth of all the organisms was abundant ; 
echinulate, raised, smooth, glistening and opaque ; viscid and no odour ; 
medium unchanged. 

Agair Stabs. 3 days ofd.-^All uniform, filiform, medium unchanged. 

Odatim Stcibs.—Ai, Bj, Cn, £, line of puncture filiform ; no liquefaction. 
Aj, Cjjj, D 38 , surface growth, liquefaction. 

Colonies on Thornton’s Agar . — ^In ail cases the growth is rapid, surface smooth, 
internal structure amorphous. There are minor differences in the ohioaoter 
of the edge and the elevation, the edge in A^, A,, B 3 , C||, and E being 
entire, while that of and Fu is undulating. The elevation of the eolcmiei 

* Bcaides the sngani xnentioiied here no growth was obtained with laaiiiiitolt maltose 
laemlose and galactose. 
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of aU tbo BtnduB is convex, exoe|>t in the case of A^, Cn fliid E, where it is flat. 
Uorphology and Seining . — ^Theee oharacters are given in Table VII. 


Table VII. 


tmina. 

Gram. 

Shape. 

XMineiiBions in fu 

Aold last. 

Moti 

A. 


Bodfi 

l-flO X 0-86 



A, 

+ 


1-30 X 0-77 

— 


B. 

4* 

• 9 

1-89 X 0*82 

— 

- 


4 

99 

1*84 X 0*81 

— 

- 

c.. 

+ 

>1 

1*48 X 0-71 

— 

- 

D,. 

4 

99 

1*80 X 0-80 

— 

- 

K 

4- 

99 

1-73 X 0 75 

— 

- 

\ 

1 

J 


Coeotm 

003 


— 


It will be seen that some of these strains have a common group number and 
similar morphological characteristics, and therefore they may be classified into 
four groups : — 

I. — ^A,, Bg, Cgi and E. 

II.— Ag. 

III. *'~0gg and Bgg. 

IV. -F„. 

Reference to Table U shows that the oxidising power is not similar in what 
ate probably the same strains ; but it must be remembered that in these 
mcperiments uniform inoculations were not made. 

Ibcom the foregoing data it will be seen that in sharp contrast with Wino- 
graddcy’s nitrite*forming bacteria the organisms described are capable of 
growing on nutrient agar and in the presence of sugar. They can produce 
nitrite witihin a wide range of values varying from 4*8 to 7*3, whereas 
Ifiirotomonar ot Nitrogoooooiu can function only in a distinctly alkaline 
medium. Moipholi^oally, too, they are different from NUroscmonaa, which 
first forms a zooglea and then breaks up into swarming, ellipsoidal, motile 
bacteria. 

Summary, 

Four speoieB of non-spore*forming bacteria capable of oxidising ammonia 
into mtrite have been isolated firom Rothamsted soil and all differ widely from 
NitrotoomM ot 

Tbi^ axe able to carry out this reaction in artifioial media as 

w«8 M m saih AOtd mme lure able to assimilate nitr^ 

■ ■ 2 a. 2 " 



Nitrite 

Bapid growth takas place on nntrient agar, and the presence of 0‘1 per 
cent, sncroae etimulates nitrite production. 
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ExperimetUs on the Physiology a/nd Genetics of the Smut Fungi. 
Cultural Characters. Part II . — The Effect of Certain External 
Conditions on their Segregation. 

By Sydney Dickinson, University College, Cardiff. 

(Communicated by B. J. Butler, F.R.8. — Received April 15, 1931.) 

Introduction. 

The researches, which are described under the above general heading, were 
begun in 1926. Their object was to find out if the inheritance of the characters 
in the smut fungi was similar to that in the higher plants and animals. The 
evidence presented, and to hand, was in the previous paper (1928) considered 
sulScient to justify the conclusion that, in their segregation, these fungi did 
obey the laws of Mendel. In that paper certain of the cultural characters 
were shown to be segregated in ratios of 2 : 2, 3 : 1 and 4 : 0 in those cells 
which were deduced to be the immediate progeny of the reduction divisions. 
The anomalous ratio of 3 : 1 was at that time the only difficulty, and this was, 
it seemed, probably due to the interaction of a number of Mendelian factors. 
Sinoe that time segregation ratios of 2:1:1 (or 1:1:2) and 1:2:1 have 
been recognised. 

It is thought that the conclusion that the segr^tion in these fungi is along 
Mendelian lines is fully justified by the experiments described in this paper. 
In the fui^ generally, as Brierley has stated (1929), " local peculiarities 
may be expected, but, so far, in the smut fungi I find typical haploid inheritance 
with one possible exception. If the factor gender (sex) only is considered, the 
evidence is overwbdmin^y in favour of strict Men d elian segregation, both in 
that the factors are s^in^ted in pairs and, as demonstrated in the present 
paper, that segregation under normal circumstances is haphazard. Also 
when the cultural chazaoteis are considered, the evidence is conclusive except 
that in one character thk peculiar 8 : 1 ratio is found. 

In recent years interest has grown oonsidetably in fungal genetics, and the 
late ProfeHor Eniep Ihnrou^y reviewed the previous work in 1930. Also 
link (1929) reviewed much of the earlier work in a discussion on the {noblem 
Of sex and heterothallira m the lower types, when he put fiWard a new 
notneo^toze. But in the |nresent paper 1 propose to continue the use of the 
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t«rm ge&dw to describe the phenomena observed, without prejudiotng the 
question whether the term sex may not be fully justified. In such use 
physiological specialisation is implied without any morphological differentiation. 

A paper by Fleroff (1923) has o^y recently come to hand, and his results 
have in most respects been confirmed by me. Fleroff describes in VttHago 
avencB (Pers.) Jensen the production of viable chlamydospores together with 
the completion in pure culture of the nudear life cycle. Eniep (1919) and 
Sartoris (1924) demonstrated this completion in VatUago vidaoea (Pers.) Fuck., 
and UstUago Heufleri, Fuck., respectively. But 1 have been, with some 
exceptions, unable to obtain this result in V. KoBeri Wille {V. Usma Edl. et 
Sw.). Under certain conditions dark brown chlamydospore-like bodies are 
readily produced, and under other conditions apparent nuclear fusion, but 
true chlamydospores have not been obtained as a general rule. It is hoped 
that in time the problem of the production of viable ohlamydospores, which is 
apparently bound up with the behaviour of the fusion nucleus, will be solved. 

Kharbush (1928) showed that in UatUago maydia Corda [U. zeca (Beckm.) 
Ung.] meiosis occurred in the first nuclear division after germination, and that 
at this division four chromosomes were present, while in the haploid nuclei 
two chromosomes were present. In V. KoUeri the number of chromosomes 
would appear to be greater : I have counted at least six in the first nuclear 
division after germination. 

In V. zeca (Beckm.) Ung., Stakman el aUi (1929) have described numerous 
changes, which, following Baur’s definition, can be classed as mutations. They 
have shown that the frequency of these mutations can be correlated with an 
increased nitrogen content in the medium, an observation of considerable 
interest in itself and in view of the effect of an increased nitrogen content on 
segregation, described in this piper. In addition, they have shown that many, 
but not all, of their mutations are stable and that they arise from uninucleate 
cells. Whether or not these mutations are due to chromosomal aberrations 
or to genic changes, a cytologioal examination may be able to decide. Bi 
one case it would appear as though the capacity for mutation had been 
segregated at the reduction divisions (Stiikman, 1929, see p. 10). 

Mahoda. 

It has long been known that tiie immature (fidam 3 fdospoia oontidns two 
nuclei which fuse when the spore reaches maturity, (hi geimination a (ditoM 
tube, the promyoelium, is produced and the single nucleus passe s into: 
Two nudear divitions follow, giv^ rise to four nudeii whioh are dlMribidM^ 
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in s rov along the promjroelinm. Crow walls then divide the promycelium 
into foor s^ments, and each segment proceeds to form a soocession of spoiidia. 
Earlier workers used to call the first cell formed by each segment a spotidium 
(considered homologous with a baaidiospore) and the remainder conidia. I 
have decided to keep the term sporidium to refer to a cell budded off from the 
promycelium, and the term conidia to refer to the cells budded off from the 
sporidia or their progeny. From the observation that the four nuclei of the 
promycelium are arranged in the segments in the order of their formation, it 
is clear that if segregation of gender has taken place in the first nuclear division 
of the promyceliiun, then the apical and second segments will form sporidia 
of one gender, while the sporidia from the basal segments, numbers 3 and 4, 
will be of the other gender (see Table I). Again, if segregation of gender takes 
place only in the second nuclear division in the promycelium, the first and 
second segments will differ in gender, and also the thud and fourth segments. 
Supposing that gender were to be segregated only in the third nuclear division 
in the promycelium, then the first formed sporidium of each segment will 
differ in gender from the second and subsequently formed sporidia from the 
same segment. And, similarly, if segregation were to take place only in the 
fourth nuclear division, then culttues arising from the first formed sporidia 
would each contain the two genders, while the second formed sporidia would 
differ from the third and succeeding sporidia from the same segment. This 
type of analysis can be continued indefinitely, but it is usually only possible 
to follow the segregations in the nuclear divisions in the promycelium. 

In practice the method of procedure has been to germinate under a number 
of particular conditions, chlamydospores with a known origin, and then to 
isolate, using the Dickinson method of isolation (1926), the sporidia from each 
segment of a promycelium as formed, and to continue the process as long as 
desired. These isolated cells fonn the starting point of the strains wliose 
reactions have been studied. These strains are kept in sets of four strains, 
each set of four contiuning the first or second, etc., formed sporidia' frmn a 
particular promycelium, and each strain arising from a particular segment of 
that promycelinm. 

These promycelia were produced from chlamydospores which, unless other- 
wise stated, were taken from phmts, grown from seed in whose production all 
preoautums had been observed to keep clear from smut spores. This seed 
was germinated under sterile conditions, and infected in the laboratory with the 
dsaixed combination of strains of XI$t%tago KoUeri (1927, h), and then kept under 
sterile oonditioos untff past the seedling stage. Once the plants wme past the 
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Table! 


To show segregation and its results when it takes place in the first or the 
second or the third or the fourth nuclear division of the promyoeUum. 

The lottors A» B represent the members of a pair of characters. 


— 

Segregation solely in let 
division. 

Segregation solely in 2nd 
division. 

Segment of 
promyceJium. 

First and rest of sporidia 
will be— 

First and rest of sporidia 
will be— 

Apiosl segment 

1 A B 

A B A B 

Second segment 

A B 


Third segment 


A B B A 

Basal segment 

B A 

B A A B 



Segregation solely in 3rd division. 


Segment of 
promycelinm. 

First formed 
sporidinm 
be — 

Second and 
the rest 
wiU be— 

OH 

First formed 
sporidium i 

will be — 

Second and 
the rest 
will be— 

Apioal segment 

A 

B 


B 

A 

Second segment 

B 

A 


A 

B 

Third segment 

A 

B 


B 

A 

Basal segment 

B 

A 


1 ^ 

A 

ETC. 


Segregation solely in 4th diviidon. 


Segment of 
promycelinm. 

First formed j 

spoiidium 
wUlbe— 

1 

Second formed 
sporidinm 
will be— 

Third and 
subsequent sporidia 
will be— 

Apioal segment 

(A») 

A 

B 

Second segment 

(AB) 

B 

A 

Third segment. 

(AB) 

A 

B 

Basal segment 

(AB) 

B 

A 


iitematively« 


Segment of 
promyoelium. 

First formed 
sporidinm 
will be— 

Second formed 
sporidinm 
wiO be— 

Third and 
subsequent sporidia 
idll be— 

Apical segment 


A 

B 

Second segment 


A 

B 

Third segment 


A 

B 

Basal segment 

■Hi^i 

A 

B 


STC. 
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seeding stage, they were believed to be immune from mfection. After this 
stage the plants were transferred to my own garden, and as soon as they 
produced smutted heads, these heads were bagged to prevent contamination 
from other sources. When these smutted heads were thought mature, they 
were gathered and allowed to dry, still in the bags. Each head as soon as ready 
was labelled and placed in a new envelope. Chlamydospores produced in 
this way and formed by the union of strains Z2/2 and GSOK52/4 were used 
in the detailed experiments on the segregation of gender ; while in the experi- 
ments where the segregation of the cultural characters was tested, the chlamy- 
dospores were those duo to the combination of strains CSOK52/1 and CSOK52/4. 

Though no new methods have been employed in obtaining the results 
described in this paper, so far as is known, all the precautions necessary both 
in isolation and in cultural work have been taken. The method of testing 
the genders is that described in a previous paper (1927, a). In the determination 
of the cultural characters of the strains, many of the cultures made have been 
preserved, and five examinations of these preserved cultures made at intervals 
of about 6 months have given identical results. The standard medium used 
for detennixung the characters was maltose 0*536 per cent., urea 0*011 per 
cent., KHjP 04 P® cent., MgSOj 0*26 per cent., KCl 0*25 per cent, and 
1*5 per cent, agar, with the H-ion concentration adjusted to 2% 5*5 after 
sterilisation, and a temperature during growth of 18° to 18*5° C.* 

In the w(»k described in this paper considerable use has been made of the 
character gender, and it may be as well to point out that a number of experi- 
ments have been made to try and find out if there exist in the strains used 
more than two genders (Bauch, 1923 ; Stakman, 1927). These experiments 
have been made on the type of fusion occurring when diSerent strains meet, 
as well as on the influence of external conditions on the type of fusion. It is 
not proposed to describe in detail at present the results of these experiments, 
but to record in outline the following observations. There is a slight optre- 
lation between the environmental conditions and the type of fuuon-hypha 
produced, and there is also a tendency for certain combinationB to be more 
productive of fusion-hyphsB ihan others, while in addition the fusion between 
the hirphsB of certain strains is largely lethal (that is, the fusion-hyphee as a 
role die almost as soon as they are formed). But in no case and in no way 
eonld any clear distmotion always be made, and never was there any suggestion 
of the appearance of more than two genders. 

* I wish to Moord my durnks to (be Govenumont Onmt Oommittee, Royal Soototy, 
Iw tiw iHOvlsicm of inonbatm neo^^ 
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ExpenmerUa. 

In the previous part (1928) it was shown that under certain conditions the 
segregation of gender and of the cultural characters took place in the nuclear 
divisions preceding sporidial formation in the promycelium. These con- 
ditions have been taken as standard, and the effect of different germinatioo 
conditions on segregation were tested in one experiment on the cultural 
characters and in detail on the most reliable character, namely, gander. 

A preliminary experiment was made to find out what number of promycelia 
ought to be tested to obtain a representative sample of the behaviour. For 
this experiment sporidia were isolated from a number of promycelia, produced 
under the standard conditions of germination. This was repeated six times, 
spreading over some 2 years in all. The arrangements of the genders in the 
promycelia were determined and from the figures it is possible (see Table I) 
to find out the number of promycelia in which segregation took place in the 
first nuclear division. In addition by determining the number of nuclear 
divisions in which A gender was segregated towards the apex of the promycelium, 
it is possible (see Table I) to find out whether either gender tended to be 
segregated towards one end of the promycelium rather than the other end. 
Table II shows the results obtained expressed as percentages. It will be 

Table II. 

Experiment to determine the reliability which can be placed on the results. 

(hrminaiion conditions , — ^Temperature 18*5^0. H-lon oonoontration odjueted to 6*0. 
Maltoae oonoentration 0*0160 molar. Urea oonoentration 0*002 molar. Ratio of 
molecular concentrations of maltose and urea (C/N) 6. 


Month. 

Number of 
promycelia whoee 
gender 
distributions 

I were determined. 

Percentage of 
promycelia with 
segregation 

In 1st 
diTision. 

Percentage of 
nuclear divisions in 
which segregation 
of A gender was 
apioii 

1 

August 

86 

44*4 

61*7 

October 

28 

51*7 

47 

February 

60 

48 

48*6 

April 

20 

48*2 

61*6 

September 1 

32 

50 

60 

Mean 

34 

48 6±0-7 

49S±(fS 


noticed that the number of promycelia tested varied fixnn 2S-50, aud 
the percentage segregating in the first division was 48*6 with a psobable error 
'of ±0*7. ■„ 
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A further paceUnusary experiment was then made to detennine whether 
ohlamydoi^res with different origins gave similar results to those given by 
the ohlamydospores of the previous experiment. For this purpose three 
different kinds of ohlamydospores were germinated under the standard con* 
ditions and the percentage segregation of gender in the first nuclear division 
determined, as well as the percentage of nuclear divisions in which A gender 
was segregated towards the apex of the promyoelium. One source of the 
ohlamydospores was a field at Seasoale, Cumberland, where 76 per cent, of 
the plants were infected ; while the other two “ breeds ” of ohlamydospores 
were those formed by the combinations of the strains Z2/l-Z2^ and 
CSOK62/1-CSOK62/4 produced in my own garden. The results (see Table III) 

Table III. 

Experiment to determine whether ohlamydospores with different origins 
gave similar results. 


Oermination eondiUone . — The same as in the previoua experiment (Table II). 


Origin or 
broedi ** of 

oblamydosponw. | 

Number of 
promyoolia whose 
gender 
distnbations 
were doterminod. 

1 

Pbroeniage of 
promyoelia with 
•egregAtion 
in Ut 
division. 

i 

Peroentage of 
nuclear divkions in 
which segregatioii 
of A gender was 
apioaL 

StniidMvi 

(Z2/2-CSOK52/4) 

34 

48'5±0-7 

49 -8 ±0*6 

SoMOfUe 

36 

27 7 

46-8 

Z2/1-Z2/3 

34 

35 

53*3 

C80KS3/1-C80K52/4 .... 

35 

45-7 

1 

51*4 


suggest that under identical conditions of germination “breeds” of 
ohlamydospores differ somewhat in the divisicm in which segregation of 
gender occurs, but that there is no tendency for one gender to be segregated 
to one end ratiier than to the other end of the promyoelium. 

These preliminary experiments show that under the standard gexmiiution 
oondirions,* 48 per cent, ci segregation of gender in the first nuclear division is 
to be expected with ohlamydospores of the “breed” 22/2-080X62/4, and 
that a fair sample can be obtmned when between 30 and 40 promycelia are 
tested. Further ohlamydospores, produced by different combinations at 

" ^e standard gsrmiaation oonditiona weies — medium oontaining 0*836 per oent. 
audtoee, 0*011 per cent, ana, 0*5 per cent. KHgPO^, 0*26 per cent. Mg804, 28 per cent, 
and 1*6 pur oent. agar; a temperature of 18 * 5 ” 0 . ; and an H*ion oonMotratiM 
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stnuos, difEet in the perceutAge of segregation of gender in the first nucdear 
diviraon. In addifion, neither gender tends to be segregated to one end rather 
than to the other end of the promyceliiun* 

Before describing the observationa made on the nuclear division in which 
segregation of the cultural characters and of gender occurred as affected by 
the environmental conditions, it is necessary to discuss some of the conclusions 
to which I have come after cultural work of some 3 to 4 years. 

To determine the cultural behaviour of a particular strain, it is best to grow 
it for comparison with the remainder of the strains from the same promycelium 
together with two or three strains whose reactions are well known. It was 
foimd quite early that no comparison could be made on the basis of the general 
appearance ; and that there were certain characters which appeared fairly 
constant and so could be relied upon. And it is the observations of the 
segregation ratios of some of these characters in the sets of four strains which 
will now be considered. It is hrequently found that a slight change in the 
medium produces a marked effect on the amount of growth as measured by 
the diameter of the colony. This was well demonstrated in the case of 
CSOE62 (see Table IV). Here with the medium adjusted to j»h 6 '4, strains 1 

Table IV. 

To show the variation in the amount of growth, as measured by the diameter 
in arbitrary units, of the four strains isolated from the promycelium CSOE162, 
when the H-ion concentration of the medium is slightly altered. 

Third legmeDt. 

1 
8 

i 

and 4 had an equal amount ci growth, and about twice the amount of stnuns 
2 and 3. With the same medium adjusted to pa 6*7, the amount of growth 
was about half as much again in strain 1, while strain 2 had about twice the 
amount of growth as at Ph 6*4, and stram 3 showed three times the amount 
of growth, but strain 4 produced the same amount as at jhi 6*4. In the previous 
part (1228), the results of similar growth erqieriments were given, and tireae 
have been continued, but, from the observations just described, the amount of 
growth as measured by the diameter of the colony is evidently not a mttable 
oharact«r for the present purpose. Other charaoters, such as the ty{« of 


Pa, Apical leginant. Second cegmont. 



Fourth legmeiit* 


2 

2 

8 











colony oenixe, Itsve bem found to vary leaa with slight changes of the medium, 
and when variation did occur, it affected all four strains in a similar manner, 
and no change from one t}rpe to another has ever been observed. It must 
be mentioned that colour is rather susceptible to temperature, an observation 
which Bodenhiser (1928) has made in U. nuda, etc. 

In the majority of the sets of four strains it was fairly easy to determine 
the segregation ratios if the unit used was the particular character and not 
the general appearance. In the accompanying table (see Table V) examples 
have been given to show the type of result which was obtained. The first 


Table V. 

To show examples of the segregation of the cultural characters. 


Set No,; 

Character a. 

No. 1. 
Apical 
eegmeni. 

1 

No. 2. j No. 3. 

1 

No. 4. 
Baaal 
aegment. 

Firat foimed 
aporidium 

>» 

Gender 

Size of margin 

Colour 

Type of colony centre 

Surface 

Amount of growth at 



B 

1 Wide 
Brown 
Corrugated 
Molflt 

2 

1 

A 

Wide 

Brown 

Corrugated 

Moiat 

2 

B 

Narrow 

Cream 

Dopreaaed 

Dry 

2 

A 

Narrow 

Cream 

Depreesed 

Dry 

2 


The cultures arising from the second formed sporidium were identical with 
those from the first formed sporidium. 


Set No. ; 

21. . 

Charaotera. 

No. 1. 
Apical 
segment 

No. 2. 

No. 3. 

No. 4. 
Baaol 
aegment 

Fint formed 
aporidium 

1. 

Gender 

Sloe of margin 

Colour 1 

Type of oolony centre j 

Sunooe 

Amount of growth at 

—j 

B 

Wide 
' Cream 
Depreaeed 
Moist 

2 

A 

Narrow 
Brown 
Corrugated 
Moult 1 

1 

A 

Narrow 

Brown 

Corrugated 

Di^ 

1 

B 

Wide 

Cream 

Bemmed 

Dry 

% 


The odHtnies arising from the second formed sporidium were identical with 
those from the first formed sporidium. 
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Table V — (continued). 


Set No. : 

4. 

Charaotere. 

1 

No. 1. 
i^oal 
segment. 

No. 2. 

i 

No. 3* 

i 

No. 4. 
Basal 
segment. 


Qeoder 

B 

A 

B 

A 


1 Ck>]ottr 

Yellow 

Yellow 

Yellow 

Yellow 

First formed 

1 Type of oolony centre 
Sunaoe 

Depressed 

Moist 

Comigated 

Moist 

Depressed 

Dry 

1 

Comigated 

Dry 

1 

1 Amount of growth at 

L Ph®-» 

2 

2 


The cultuies arising from the second formed sporidia were identical with 
those from the first formed sporidia. 


Set No. : 
32. 

Characters. 

No. 1. 
Apical 
segment. 

No. 2. 

No. 3. 

No. 4. 
Baaal 
segment. 

First formed^ 
Bporidium ** 

The cultu 
those from t 

Qender 

Size of margin 

Colour 

Type of oolony centre 
Amount of growth at 

Pu 5*6 

Number of radial lines 

res arising from th 
he first formed spor 

B 

Wide 

Cream 

Comigated 

2 

e second fo 
idia except 

A 

Wide 

Brown 

Comigated 

2 

rmed sporid 

B 

Narrow 

Yellow 

Depresaed 

1 

Many 

lia were id< 

A 

Narrow 

Yellow 

Depressec 

1 

)ntical with 


Number of radial lines 

— 

— 

Few 

i 

1 

— 

Set No. : 

86. 

Characters. 

No. 1. 
Apical 
, segment. 

No. 2. 

No. 8. 

No. 4. 

Basal 

segment. 

First formed^ 
spofidium 

>. 

Qender 

Size of margin 

Colour 

t Type of colony centre 

Surface 

Amount of growth at 


B 

Narrow 

Cream 

Corrugated 

Dry 

1 

B 

Wide 

Cream 

Demsssed 

Diy 

2 

A 

Narrow 

Brown 

Intermediate 

Moist 

1 

A 

Wide 

Brown 

Intermediate 

Moist 

3 


The cultures from the second formed sporidia were the same os thoie fieon 
the'fixst.' 
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Table V— (continued). 


Set No. : 

83. 

Characters. 

No. 1. 
Apical 
segment. 

No. 2. 

No. 3. 

No. 4. 
Basal 
segment. 

FU»t formed 
fiporidium 

Oender 

Size of margin 

Colour 

Type of colony oontre 

SuKaoo 

Amount of growth at 
;»ii 5-s 

B 

Narrow 

YeUow 

Corrugated 

MoLt 

B 

Wide 

Yellow 

Corrugated 

Moist 

A 

Narrow 

Cream 

Depressed 

Dry 

1 

A 

Wide 

Brown 

Depressed 

Dry 

2 

The cultures arising from the second formed sporidia differ from those from 
the first formed sporidia k the following : — 


I Colour 

Yellow 

Yellow 

Brown 

Cream 


8et No. : 

7 ^. 

Characters. 

No. 1. 
Apical 
segment. 

No. 2. 

Ni>. 3. 

No. 4. 
Basal 
segment. 

Fint formed^ 
•poridium 

, 

Gender 

Size of margin 

Colour 

Type of colony centre 
Amount of gr(»wib at 

A 

Narrow 

Cream 

Depressed 

2 

B 

Wide 

Brown 

Depressed 

2 

A 

Narrow 

Cream 

Depressed 

2 

B 

Wide 

Brown 

Corrugated 

2 


five sets of four atrains treated were given in the previous part (1928), but here 
six sets out of the total available have been picked out to illustrate the difinrent 
types of segregation obtained. 

In some cases, for example 15, the four strains were of two types only in 
every particular so far as has been tested. The one type had a wide ma-r gin ^ 
a brown colour towards the cmitre, with some corrugations towards t^ cmitre 
and a moist centre to the colony. The other type had a narrow mm^in, a 
cream colour, 4fith radial lines starting from the centre oaUed “ de^essed ” 
and a dry eeutie to the colony. The two strains of each type were apparentdy 
identioal, except as r^ards gender, while the amount of growth, *. 0 ., diameter, 
was ^ same k all lour straks. The second formed sporidial strains weice 
tritib the first formed. Hence k all the oharaoters except the amount 
id ratka appear to be 2 : 2. Skoe the two apical aeg- 



meiitB produced similar straiiu, and the basal segments had given rise to the 
other pair of strains, evidently the segregation had taken place in the first 
division. As the two apical segments differed in gender, the segregation of 
gender bad taken place in the second division. Because segregation had taken 
place in different nuclear divisions, it is presumed that gender is independent 
of all the other characters except the amount of growth. 

In 21 the strains were, in four characters, of two types ; the one with a wide 
margin, a cream colour, with the depressed t}rpe of colony centre and a large 
amount of growth. The other type had a narrow margin, a brown colour, 
with some corrugations in the centre of the colony and a small amount of 
growth. The gender of the former type was B. From the arrangement of the 
parent sporidia of these strains on the promycelium, all these characters had 
evidently been segregated in the second nuclear division in the promycelium. 
Similarly, the character dry or moist centre to the colony is deduced to have 
been segregated in the first nuclear division in the promyoelium. Now since 
this character was segregated in a different nuclear division from the remainder 
of the characters, it must be presumed that it is independent of them. 

In 4, excluding for the moment the character colour, it was found from the 
distribution of the strains on the promycelium, that the characters moist or 
dry surface of the colony and amount of growth had been both segregated in 
the first nuclear division in the promycelium, while the character type of colony 
centre had been segregated in the second nuclear division. The character 
type of colony centre is presumably independent of the amount of growth. 
In these three sets of four strains all the characters, except the amount of 
growth, have been segregated in ratios of 2:2. But in this set the colour 
of all four strains was the same, yellow, that is, a ratio of 4 : 0. 

In 32 the width of margin,, the type of colony centre and the amount of 
growth have all been segregated in a ratio of 2 : 2 in the first nuclear division. 
But three types of colour, cream, brown and yellow were present. One of 
the strains was cream, another was brown and the other two were yeOow. 
The cream and brown strains were the product of one of the second nuclear 
divisions, and the two yellow strains were the product of the other. This 
gives a segregation ratio of 1:1:2, yellow bdng intermediate. Farther, 
in this set of four strains, the second formed spotidial strain of the third 
of the promyoelium differed from the first formed of that segment, in having 
only a few radial lines in contrast to many lines. Consequently, sinoe gender 
was s^regated in tiie second nudear divinon, the segregation had hean^ i^^ 
over tiuee oonaeoutive nudear divisionB. In addit^ it ttmgt he fftssuiiUNl 
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Table VI. 

To point out the sets of four strains in which the segregation of the following 
pairs of oharaoters takes place in different nuclear divisions. 


Character fiain. 


Gender and ai*e of margin 

,, colour 

»» colony centre 

,, surface 

amount of growth at pn 5*5 

M number of radial line* 

Sixe of margin and colour . 

»* type of colony centre . . 

aunaco 

,t amount of growth at pu 5*5 

,, number of radial lines 

Colour and type of colony centre 

M surface 

, , amount of growth at pu 5 * 5 

„ number of radial lines 

Typo of colony centre and surface 

•» M amount of growth at 7 >h 5 ■ 5 

»> M number of radial lines 

Surface and amount of growth at ph 5 * 5 

number of radial linos 

Amount of growth at pn 5 *5 and number of radial linos 


Sets of four. 


15. 

86 . 

33 

15, 

33 


15, 

86 


16. 

21. 

4 

4. 

86. 

33 

32 



32. 

86 


33 



21. 

86, 

33 

32 



32, 

86, 

33 

21. 

33 


32. 

86. 

33 

32 



21, 

4, 

86 

4. 

33 


32 



21. 

86. 

33 

32 




that gender and the number of radial lines are both independent of each other, 
and of the characters width of margin, colour, type of colony centre and 
amount of growth. 

In 86 the gender, the colour and the moistness of the colony surface were 
segregated in the first nuclear division, while the size of margin and the amount 
of growth were segregated in the second nuclear division. Therefore the 
character colour is independent of the characters size of margin and the amount 
of growth of the colony. But the strains showed three types of colony centre ; 
the two extreme types were the product of one of the second nuclear divisions, 
while the other two strains were alike and intermediate and the product of 
the other second nuclear division ; hence a ratio of 1 ; 1 : 2. Similar to this 
segregation ratio of 1 : 1 : 2 (or 2 : 1 : 1) are certain cases where the two inter* 
mediate types arc not the product of the same second nuclear division. Such a 
ratio, which has only been found in the character type of colony centre, is 
ca]^ a 1 : 2 : 1 ratio. 

3hi 83 thm is a set of four strains which helps in the interpretation of the 
i^atios 2 ; 1 : 1 (or 1 : 1 : 2). Ciolour in this case is also of three tjrpes. The 
lour sti^ins from the apical and the second segments were yellow in colour; 
tile third and basal segments, however, produced first a cream and a brown 

tot. OTOL—B. 2 p 
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fltram respectively, and secondly vice verm. Colour has been segregated in 
this half of the promycelium in the third nuclear division ; and in the third 
segment the brown character remained in the promycelium, but in the fourth 
segment the cream character remained. Such a case shows that the ratio 
of 2 : 1 : 1 is regularly produced. Strains ib and 4a as well as 3a and 46* differ 
only in the size of margin and the amount of growth. Since the type of colony 
centre was segregated in a different division from the margin size and the amount 
of growth, it is independent of them. The only two pairs of characters of 
those described, which have not been shown to be independent by their segrega- 
tion in a different nuclear division, are the size of margin and the amount of 
growth, and the type of colony surface and the number of radial lines. The 
independence of these characters has been demonstrated in other sets of four 
strains. 

The characters of the set of four strains Z3 are repeated and amplified from 
the first part of this paper (1928), because it is one of the best examples of 
what was then described as a ratio of 3 : 1, in the segregation of the type of 
colony centre. Strains numbers 1 and 2 were practically identical in this 
character, while strain number 3 was almost the same, and strain number 4 
was markedly different. The interpretation given to such a ratio will be 
discussed later ; in the meantime it may be stated that while the similarity 
between strains 1, 2 and 3 is close, and is always obtained on repetition, there 
is rather more difference between 1 or 2 and 3 than between 1 and 2. 

From the above description it would appear that all the characters mentioned 
are independent of each other, and that segregation in a promycelium may 
take place only at the first nuclear division, or only at the second nuclear 
division, or it may take place in both these divisions. In addition, while no 
promycelium has been obtained in which segregation only took place in the 
third nuclear division, some examples have been obtained in which segregation 
had taken place in the first, the second, and the third divisions^ as well as 
cases of segregation only in the first and the third, and only in the second and 
the third divisions. Segregation then, it seems, is not confined to one or to any 
particular nuclear division. In the previous part of this paper, the statement 
was made that no segregation had been found beyond the first two nuclear 
divisions in the promycelium. This was strictly limited to the standard 
conditions, for the results on third division segregation, althou|^ suspected 
at that time, had not been confirmed. Segregation in the third nuclear 
division has been found in aU the characters except gender and the aiiicuint^^^^ 

* ^fflsEes a and h denote first or second f <nined respaotiVety, 
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growth, but not in every character has it been found in difierent sets of four 
strains. The chief feature of segregation in the third nuclear division is that 
the difEcrences between the strains in culture are more clear cut and precise 
than in many of the cases of segregation in other nuclear divisions. 

In the set of experiments on the segregation of the cultural characters, all 
the chlamydospores came from the same inflorescence of a plant which had 
been infected with strains numbers CSOK62/1 and CSOK62/4. This plant 
was grown under sterile conditions until past the seedling stage ; in consequence 
these chlamydospores were almost certainly the product of the combination 
CSOK62/l~4. As an extra safeguard, all four strains of a set of four have been 
grown together with two or more strains whose characters were well known ; 
and 1 think that a certain amount of comparison can with safety be made 
between a pair of characters in one set of four and that in another. That is, 
that within limits the character cream is the same character in all sets of four 
strains. 

For the purpose of testing the effect of the germination conditions on the 
segregation of the cultural characters, the three most satisfactory characters, 
the size of margin, the colour and the type of colony centre were selected. 
The first and second formed sporidia were isolated from promycelia which had 
been produced in the one case under the standard germination conditions, 
and in the other case with an increased concentration of the nitrogen source 
in the medium. Under the standard conditions the progeny of 35 different 
promycelia were available, and the characters of the strains were determined 
under the appropriate standard conditions (see methods section). The progeny 
of 28 different promycelia were available in the second case, and the reaction 
of the strains were likewise determined (see Table VII). It will be apparent 
from this table that, under the standard conditions, the percentage of segrega- 
tion in the first division varied in the different characters, the maximum per- 
centage being found in the segregation of gender and the size of margin, with 
a lower percentage in the type of colony centre, and a still lower percentage 
in the case of colour. While statistical proof is lacking, it is considered that 
these differences between the characters* segregation are real, and that 
eharaoteis do differ in their percentage of segregation in the first division. 
Further, the effect of increasing the nitrogen source concaitration in the medium 
has been to lower, more or less uniformly, the percentage of segregation in the 
first division. Since the percentage of nuclear divisions in which one ofaaraoter 
frf each was segregated towards the apex of the promycelium was approxi- 
60 in each of the characters, there has been haphazard distribution of 

2 r 2 
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Table VII. 

Experiment to show the effect of increasing the concentration of the nitrogen source m the 
genninatiou medium on the nuclear division in which segregation of certain cnltund eharactem 
takes place, and the distribution of those characters in the strains arising from the ptomycelia. 




(lender. 

1 Size of margin. 

i 

Conoen* 
tfation of 
nitrogen 

C/N. 

Number of 

Percentage 
segregation 
in first 
division. 

Percentage 

nuclear 

i 

Number of 

Percentage 
segregation 
in first 
division. 

Psroentige 

nuclear 

Bource. 


promyoelia 

divisions 

1 promyoelia 

divisions 



tested. 

A gender 
terminal 

1 

tested. j 

i 

1 

wide 

terminal. 

Mol 


1 


i 


i 

i 

0002 

8 

36 

46 

51 

34* 

47 

60 

0 0625 


28 

36 

47 

28 

32 

61 



Colour. 

Type of colony centre. 

Concen- 
tration of 
nitrogen 

C/N, 

! Number of 

1 

Percentage 

Percentage 

nuclear 

Number of 

Percentage 
segregation 
m first 
division. 

Pbraentage 

nuclear 

Bouroe. 


promycelia 

tested. 

segregation 
in Srst 
division. 

divisions 

brown 

terminal 

promyoelia 

tested. 

1 

divisions 

corrugated 

temmral. 

Mol 





I 1 



0002 , 

8 

sit 

23 

47 

26t 

88 

63 

0 0626 

i 

23t 

4 

45 1 

19t 

16 

48 


* One caee undetermined through Iobs of parent culture, 
t Due to Rubtimction of caeee of 8 : 1 and 4 : 0 ratiot. 
Percentage taken to neareet whole numben. 


the character pairs in the promyoelium. These observationB would not prove 
that the pairs of characters were independent of each other, and in the next 
table (see Table VIII) the percentage of the number of times is shown, in which 
two members from two different pairs of characters have been segregated to 
the same strain. This is further evidence that the pairs of characters Con> 
sidered are independent of each other. 

The frequency of the occurence of the different segregation ratios is c^own 
in the next table (see Table IX). It will be noticed that oases of 2 :2 ratios 
only have been found in the character sue of margin, and tins has ptevkittsly 
been demonstrated to be the case in gender (1928). Further 2 : 2, 2:1 ;1 
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Table Vni. 

To show the correlation between certain characters under the two germination conditions. 


Couoentration 
of nitrogen 
source. 

C/N. 

A gender 

and 

narrow 1 
margin. 

A gender 
and 
brown. 

i 

A gender j 
and 

corrugated. | 

Narrow 

margin 

and 

brown. 

1 

Narrow 

margin 

and 

corrugated. 

Brown 

and 

corrugated. 

1 

Mol. 

0 002 

1 

8 

1 

45 

62 

! 

62 

1 

50 ; 

45 

0-0626 

i 

63 

49 

1 61 

1 

54 

61 

1 ; 

50 




Table IX. 





To show the frequency of occurrence of segregation ratios for the characters gender, size of 
margin, colour and type of colony centre, under the two germination conditions. 


1 

1 

! 

Concentration 
of nitrogen 
source. 

C/N. 

Total 
number of 
promyoelia 
ayailable. 

Number of promyoelia showing mnder 
segregation ratios of— 

Number of 
promyoelia 
witih 

segregation 
in thlid 
division. 

First 

division 

2:2 

Second 

division 

2:2 

2:1:1 

1:2:1 

3:1 

4:0 

Mol. 

0-002 

0-0625 

j 

8 

1 

85 

28 

1 

16 

11 

19 

17 

1 



— 

— 

! 

Oonoantration 
of nitrogen 
•ouroe. 

cm. 

i 

Total 
number of 
promyoelia 
available. 

Number of promyoelia showing siae of margin 
segregation ratios of — 

Number of 
promyoeUa 
with 

iegregaMon 

intniid 

division. 

First 

division 

2:2 

Second 
division 1 
2:2 

1 

2:1:1 

1:2:1 

3:1 

4:0 

Mol. 

0-002 

0-0625 

8 

1 

84* 

28 

1 

1 

16 i 18 

0 19 

1 ■ 1 

— 


1 . ■ 

1 - 

— 

1 

7 


* One cue tiadetermiMd thnmgh loss of p&reitt culture. 
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Table IX— (continued). 


Ooikoenti«tion 
of nHrogeD 
loiuoe. 

C/N. 

Total 1 
number of 
promyoelia 
available. 

i 

Number of promyoelia showing colour 
se^gation ratios of<— 

Number of 
promyoelia 
with 

segregation 

I in tmid 
division. 

Fint 

division 

2:2 

8eoond 

division 

2:2 

2:1:1 

j 

1:2:1 

3:1 

4:0 

4 

6t 

Mol 

0 002 
0*0625 

8 

1 

35 

28 

8 

It 

18 

18t 

i 

8 

4t 

i 

! 

— 

4 

i 

Oonoentffttion 
of nitrogen 
•onroe. 

C/N. 

Total 
number of 
promyoelia 
available. 

Number of promyoelia showing type of colony oentre 
segregation ratios of— 

1 Number of 
' promyoelia 
with 

segregation 

fiitUrd 

division. 

First 

division 

2:2 

Second 

division 

2:2 

1 

2:1:1 

1:2:1 

3:1 

4:0 

1 

Mol 

0 002 
0*0626 

OO 

35 

28 

11 

3 

8 

et 

8 

lot 

2 

It 

3 

1 

3 

et 

2 


t IndiidM oaiea where legragatioii of eome oharaoten ooenrred in the third nuolear divitioD. 


and 4 : 0 latioa have been found in the character colour, while it is only in the 
character type of colony centre that ratios of 1 : 2 : 1 and 3 : 1 have been found. 
In the discussion section, these results are interpreted on the basis that the 
character margin sice is the expresnon of one pair of Mendelian factors, colour 
the expression of two pairs of additive linked Mendelian factors, and that the 
character type of colony centre is the expression of more than two pairs of 
factors. It is to be regretted that the numbers are insufficient to indicate 
whether the frequency of any ratio is affected by the external conditions. 

In Tables VII and VIII, the distribution of the memben of the character 
pairs was haphazard in the promycelium, and irrespective of each other. But 
it must be noted that to obtain these figures the strains intermediate in these 
characters were neglected. Now if these conclurions ate correct, and if it 
also applies for the two pairs of factors in the case of colour, one would expect 
that the number of nuclear divisions, where brown and cream were segregated, 
would be the same as where the intermediate colour resulted. In Table X 
are given the proportions of these two types erf segregation where segregation 
has taken {dace in the second nuolear division. Sihnlarly the same proporri<mt 
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Table X. 

To show the proportion of nuclear divisions where brown and cream were 
segregated to those where yellow was segregated, in both cases only those in the 
second division. Similarly for the type of colony centre character, (a) excluding 
cases of 3 : 1 ratios, and (b) including these cases as 2 : 1 : 1 ratios. 


1 

loentration 

nitrogen 

sonroe. 

1 

C/N. 

Ratio of divieione where 
brown and oream resulted 
to those where yellow 
resulted. 

1 

Ratio of divisiung where 
depressed and corrugated 
resulted to those wlmre 
intermediates resulted. 



Total No. 

1 

Katio. j 

Total No. 

1 

Ratio. 

Mol. ! 


: ! 

! 



0-(X»2 

8 

54 

2-4:1 1 

1 

(«) 42 
(b) 48 

1*6: 1 
1*6:1 

0 0625 

1 

u 

\ 

2*9:1 1 

1 

(а) 44 

(б) 50 

1 

1*1 : 1 

1 ;1 


have been extracted for the character type of colony centre. These propor- 
tions show that in the case of colour the distribution was not haphazard, and 
that there is a connection between the two pairs of colour factors. But in 
the case of type of colony centre, the proportions obtained are not sufficient 
to justify such a conclusion, and, as distmssed later, the occurrence of a ratio 
of 1:2:1 is probably an indication that there is not a connection between 
some, at any rate, of the factor pairs, whose expression is seen in the type of 
colony centre. Further, if the connection, as suggested by the proportions, 
between the colour factors is affected by the increase of the nitrogen source 
concentration, the proportions should be different for the two germination 
conditions. As these numbers are based on 54 different nucleai- divisions in 
each of the two conditions, they are perhaps sufficient to warrant a conclusion, 
and a precedent for such an effect lies in the results of Plough (1917, 1921), 
who showed that temperature altered certain linkages in the female in 
Droaophikt. 

Returning noiv to Table IX, it will be apparent that only with an increased 
nitrogen source concentration in the medium was any segregation in the third 
division obtained ; and it is interesting to note that the number of tin^ 
ae^wgation occurred for the three characters follows roughly the percentage of 
segregation in the first divimon, although the numbers arc too small to be 
'iigidfioant, It would appear, however, that the postponement of segregation 
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to the third division is due to the increase of the concenlaration of the nitrogen 
source in the medium. The nature of this effect on the segregation as a whole 
is of considerable interest ; whether it is merely a postponement of the change 
from the diploid to the haploid state fof ^ further nuclear division, or whether 
there is in addition an extension of the change so that, instead of taking place 
at one nuclear division, it is spread over a niunber of nuclear divisions. 
To ascertain the nature of the effect a table (see Table XI) has been 
compiled giving the number of promycelia, which in the characters investigated 
showed segregation only in one division, in two divisions and in three divisions, 
arranged according to the conditions of germination. The results suggest 
that the effect is extension rather than simply postponement from one nuclear 
division to another. 

Table XI. 

To show the number of promycelia with segregation of the four characters 
gender, size of margin, colour and type of colony centre, in one, two and three 
nuclear divisions under the two germination conditions. 


Concentration 
of nitrogen 
source. 

C/N. 

Number of 
promycelia 
available. 

Number of promycelia with 

segregation in — i 

Proportions. 

I 

One 

1 division. 

Two 

i divisions. 

1 

Three 

divisions. 

Mol. 

0*002 1 

8 

i 

34 

i 

1 

1 9 

26 


1:32:0 

0*0625 

1 

28 

1 ^ 

20 

6 

1 : 10 : 8 


The experiment on the segregation of the cultural characters involved a 
considerable amount of work, and it has only been possible to make an examina- 
tion in detail of the effect of the germination conditions on segregation with the 
character gender. It was decided to test the effect of varying the oonoentea- 
tions of the nitrogen and the carbohydrate sources in the medium, as well as 
the concentration of the medium itself. In addition the effect of the tmnperature 
and of the H-ion concentration was also tested. In each experiment, except 
two, the number of promycelia used was over 30. The results we given in 
the following five tables. 

Taking the first table (see Table XII) as an example, the effect of Steering 
the concentration of the nitrogen source in the medium is shown. T|b« 
concentration varied &om 0*002 to 0*0626 to 0* 125 molar, and the peroentege 
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Table XII. 

Experiment to show the effect of increasing the concentration of the nitrogen 
source in the medium. 

OtrmiiuUion eondUioHt. — ^Temperature 18'6*C. H-ion conoentrstion adjuated to pg 6"0. 
Maltose oonoentration 0 ‘0156 molar. 


Oonoentration 
of nitrogen 
Bonreo. 

C/N. 

1 

Number of 
promjoelia whoae 
gender dbtributiona 
were determined. 

Peroentage of 
promyoelia with 
eegregation in 
firat division. 

Peroentage of nuclear 
divisions in vdiioh 
segregation of 

A gender |ras apical. 

Mol. 

0 002 

8 

54 

48*5±0*7 

40*Bd:0*6 

0*0025 

i 

32 

40*6 

45*4 

0*126 

1 

40 

80*6 

40*5 


of segregation in the first division was 48, 40-6 and 30*6 respectively. While 
complete statistical proof is lacking, it seems that the effect of increasing the 
concentration of the nitrogen source in the medium is to postpone the segrega- 
tion of gender more and more from the first to the second nuclear division 
in the promycelium, thus confirming the results of the previous experiment 
(see Table VII). A sinular effect is seen in the next table (see Table XIII), 
where the factor altered was the concentration of the carbohydrate source 
in the medium. 


Table XIII. 

Experiment to show the effect of increasing the concentration of the carbo- 
hydrate source in the medium. 

Ckrmimititm eondition *. — Tempersturo 18*6* C. H-ion oonoentration adjusted to pg 6*0. 
Urea oonoentration 0*002 molar. 


Conoantfation 
of maltose, 

1 

i 

C/N. 

Number of 
promyoelia whose 
gender distributions 
were determined. 

Peroentage of 
promyoelia with 
segregation in first 
division. 

* 

Peroentage of nuclear 
diyisions in whidh 
segregation of 

A gender was apical. 

Mol. 

0*0166 

8 

84 

48*6±0*7 

4tt*8d:0*C 

0*0626 

52 

45 

1 44*4 

48» 

0*126 

64 

42 

36*7 

■ 

40 -8 


in tibie case of the external factors, vis., concentration of the medium itself 
(no IWMe XIV), H-ion concentration (see Table XV) and temperatiue (tee 
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Table XVI), the results suggest that th^ is an optimum effect on the nuclear 
division in which gender is segregated. But because for the latter two factors 
one test each was made with a number of promycelia less than 30, the resuHs 
are not so conclusive as those obtained with the former pair of factors. Probably 
an optimum point would also have been found if a different range of concen* 
trations of the nitrogen and carbohydrate sources had been used. 


Table XIV. 

Experiment to determine the effect of varying the concentration of the 
medium. 

CkminatioH eondUiont.—Ttimfettirm 18 '6* C. H-ion conoMitration adjusted to pg 6*0. 


C/N, ' 
molar 
oonoen- 
tration. 

Conoen- 

tration 

of 

maliofte. 

1 

Number of 
promycelia whoge 
gender dietiibutione 
were determined. 

Percentage of 
promycelia with 
Mgregaiion in first 
division. 

Percentage of nuclear 
divisions in which 
segregation of 

A gender was apical. 

8 

Mol. 

0*0080 

20 

32 

1 

668 

8 

OOIM 

84 

48*0 ±0*7 

49 8db0*6 

8 

0*126 

1 

46 

31 

60 


Table XV. 

Experiment to determine the effect of varying the H*ion concentration of 
the medium. 

QmnifuUion condMoM.— Temperature 18*5° C. Maltose concentration O'OlOO molar. 
C/N8. 


H*ion 

concentration. 

Number of 
promycelia whoso 
gander distributions 
were determined. 

Percentage of 
promycelia with 
segregation in 
firat division. 

Percentage of nuclear 
divisions in which 
segregation of 

A gender was apical 

Pn 

6*1 

80 

42*9 

60*9 

0*0 

84 

48*6 ±0*7 

49-8±0*6 

7 0 

1 

28 

21*4 

47*9 
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Table XVI. 

Experiment to determine the effect of varying the temperature of germina- 
tion. 

Oermination conditiSnt.—H’ion ooncentratiou adjusted to pn 0‘0. Maltose ooncentration 
O OlJMt molar. C/N 8. 


1 

Temperature. 

1 

Number of 
promyoelia whose 
gender diMtributioiM 
were determined. 

Percentage of 
promyoelia with 
segregation in 
first division. 

Percentage of nuclear 
divisions in which 
segregation of 

A gender was apioaL 

1 

“C. 1 

12 ! 

! 

32 

34 3 

46'2 

18 fi 1 

i 34 

48-6±0*7 

49'8±0-6 

24 '5 

22 

40-9 

54*5 


It is worthy of notice that in every experiment the distribution of the 
genders in the promycelium is in no way correlated with either end of the 
promycclium, in fact the distribution is haphazard, thus confirming the results 
shown in Table VII. 

In these experiments on segregation, no conclusive evidence was obtained 
that the segregation of gender could take place in the third nuclear division. 
But it is of interest to note (see Table XVII) that, in the total number, 663, 

Table XVII. 

1\>tal nnmbsr of promyoelia in which the distribution of gender has been determined in 


these experiments... 06i 

Number of promyoelia in which the ratio of genders was 1:1 » 648 


of prmuyoelia tested in the experiments previously described, some 15 of these 
have shown a ratio of 3 : 1 or 4 : 0 of gender. This may well have been due to 
faahy isolation — a personal error which is bound to occur where such large 
numbers are concerned — but it is also possible that these 15 or some joI them 
may have been due to the segregation of gender in the thud nuclear division. 
Hiis latter suggesrion is rendered the more likely since some five occurred 
when the effect of adjusting the H-ion concentration to pa 7*0 was tested. 
Sinoe tiie percentage of segr^ation in the first division was 21 *4, it is in this 
experiment that the postponement of the segregation of gmider to the third 
dii^on is to be expected. 
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Diecusaion. 

Although full statistical proof is lacking in the experiments with gender, 
I think that the size of sample having been over 30 warrants accuracy in the 
results. As regards the cultural characters, the observations made are not so 
reliable because there is more room for personal error ; since repeated examina- 
tions, made during the last 2 years both by myself and by independent observers, 
have given identical results, these observations ate considered sufficient to 
justify any conclusions which their numbers will warrant. 

From the more recent literature (Brierley, 1929 ; Kmep, 1929) it would appear 
that evidence is in favour of the occurrence of normal Mendelian inheritance 
in the fungi. But Harder’s work (1927) has shown that in some basidiomyoetes, 
the cytoplasm has an influence, and this is perhaps supported by the results 
on “ diploidisation ” reported by Buller (1930). Although the possibility 
must be kept in mind of there being some characters in the smuts (Dickiuson, 
1927 a, 1928) on whose expression the influence of the cytoplasm may be 
demonstrated, it is considered that the nucleus only is responsible for the 
expression of the characters described in this paper. 

By deduction from Mendel’s principles, a segregation ratio of 1 : 1 is to be 
expected in haploid organisms, and this ratio has been found by von Wettstein 
(1924) in two mosses, and by Allen (1924-25) in a liverwort, as well as by later 
workers. The same ratio for gender was demonstrated by Kniep (1919) m 
UxtUago vioiacea, and in the previous part of this paper for V. KoUeri. Dodge 
(1930) has obtained a similar result for some characters in MonUia sUofhila. 
In sex, a segregation of 1 : 1 in the units concerned is not apparency affected 
by the relative value and sign of the conjugants (Hartmann, 1926 ; Vanden- 
dries, 1929 ; Blakeslee, etc., 1927). And this complication has not as yet 
appeared in gender in U. KoUeri, as shown in the summary desoriptaon of 
experiments and results, given in the methods section, combined with the 
figures in Table Xm 

A segregation ratio of 2 : 2 is at times found in all the characters described 
in this paper (see Tables V and IX), while their independence is shown 
their segregation in differmit nuclear divisicma. The diarsoters geitder and 
size of margin are always segregated in this ratio, but the two characters, 
colour and type of colony centre, at times are segregated in other ratios. For 
colour the observations point to the presence of two additive linked pairs of 
Mendelian factors as responsibie f<n its expression. The ooourrenee of ratios 
of 1:2:1 and 4 : 0 indicates the presence more than one pair of factcns. 
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Tliat wit^ two linked pairs of factors the results could be obtained providing 
an additive elSect, is seen by the following segregation schones, in which are 
inducted the nuclear division or divisions at which segregation occunt : — 


1. AaB& 

2. AaBt 

3. AaBb 

/ \ 

AB ab 

/ \ 

AaB6 AoBh 

/ \ 

Ab aB 

/\ /\ 

AB AB ab ab 

/\ /\ 

AB ab AB ab 

/\ /\ 
Ab Ab aB aB 

Ist division — 2 : 2. 

2nd division — 2 : 2. 

1st division — i : 0. 

4. AoBh 

5. AaBb 

6. AaBb 

/ \ 

AaB6 AaBh 

X \ 

AaBb AaB6 

AM ^ 

/\ /\ 

A6 aB aB Ab 

/\ /\ 

AB ab Ab aB 

/X /\ 

AB Ab aB ab 

2nd division — 4 : 6. 

2nd division — 2 : 1 : 1. 

Both divisions — 1 : 2 : 


If it be assumed that with two colour factors (AB) a brown colour is obtained, 
and with either of them (A6 or aB) yellow, and with neither of them (ab) a 
cream colour, then the first five schemes give the ratios found. With no 
connection between the two factor pairs, there will be an equal number of 
schemes 1 and 3, and of schemes 2, 4 and 5. The figures given in Table IX, 
though small, surest that this is not followed. In addition the 6th scheme, 
in which the two pairs of factors are segregated in different nuclear divisions, 
diould be found unless the two factor pairs are connected or show linkage. 
But in all the promycelia investigated no case of a ratio of 1 : 2 : 1 in odour 
has been found. The amount of linkage, as well as its presence, can be seen 
by oompanng the number of nuclear divisions in which the two colour factors 
are segregated together and to different daughter nuclei. The proportions, 
given in Table X, indicate that the two colour factors are segregated about 
times more frequently together than separately. If the two pairs of factors 
were not linked, the proportions should be approzimstely eqiud, and as there 
are 64 nuclear divisions on which to base this result, it is considwed reliable. 
Further ody three types of colour have been found in a promycelimn. If the 
effect were not additive then it should be possible not <nily to dfistinguish four 
f^^pes, bidi aim to distinguish between a first and a second division 4 : 0 ratio 
(sdbemes 3 and 4); 

For the type of colony centre, because there are found 1:2:1 and 3 : 1 
ratios; it Would seem prol^ that mme of the pairs of factors are not linked, 
and that there ate more than two of them. That the evidence does not justify 
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the euggeation of linkage is shown by the test of the distribution d the fact<» 
pairs (see Table X). A ratio of 3 : 1 is difficult to interpret unless one suggests 
that certain factors nullify the effect of others, but it is believed best to oonrider 
that these 3 : 1 ratios are due to the presence of multiple factors which interact 
on one another. 

Although the effect of altering the external conditions on the frequency of 
occurrence of the different segregation ratios has not been demonstrated owing 
to the few promycelia treated, yet indirectly an effect can be deduced. As 
already concluded, there is linkage between the colour factors, while the pro- 
portions in Table X suggest that by increasing the nitrogen source oontoit 
from 0‘002 molar to 0'0626 molar, the linkage between the two pairs of colour 
factors is increased. And theoretically an increased linkage will result in a 
decreased number of promycelia with 2:1:1 and 4 : 0 ratios. 

Coming to the haphazard distribution of the members of the character pairs, 
this was demonstrated by Eniep (1926) for VatUago vioiaoea, and in the previous 
part of this paper in U. KMeri, and with Coprimu by Hanna (1925) and Newton 
(1926). In the present experiments the five environmental factors have no 
influenfie at all on the distribution of the genders in the promyoelium ; yet 
it is by no means improbable that there is one external factor at least (un* 
published observations), which will influence the distribution of the chromo- 
somes at meiosis ; but these five factors are those, which, in our present state 
of knowledge, would appear to be the most likely to vary in and around a oell 
undergoing meiosis. Also (see Table VII), the distribution of the membms, 
when the segregatiou ratio is 2 : 2, of the pairs of cultural characters in the 
promycelium, is haphazard, just as it is in gender. Farther, Table VIII 
demonstrates that the distribution of a member of one pair of any of the 
characters used, is independent of that of a member of any other pair. 

I think the evidence presented is sufficient to demonstrate the segregation 
of the cultural charactos in “ paired elements ” or allelomorphs. In addithm, 
the segregation of any pair of allelomorphs, excepting the cases of linkage, 
is independent of that of any other pair. These two rules of segregation oom- 
prise Mendel’s laws, and consequently the segregation of these charaeteis in 
the smut fimgi it according to the principles of Mendelian inheritance. 

Passing now to the nuclear division in which segregation ocimra, Alien 
(1924-26) found that normally in a tetrad of spores of the hrvtwatt Bfhaero’ 
earpot DonneUU only tWo types were present, but that Ocoasioniffiy four types 
appeared. He attributed this result to the oooasumal diSjunotion of 
some pairs in different nuclear divisions. Sinular reMdts ^ve been obtain 
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ia ioBMtB by Wenxioh (1916) and Carotheis (1921), and in Coprinus by Newton 
(1926). Such demonstrations of disjunction and segregation in two consecutive 
nuclear divisions have been added to by the demonstration in these ezpeiimaats 
of segregation in three consecutive and two non-consecutive divisions ; these 
experiments show as well that the nuclear division in which segregation occurs 
is controlled in part by the surrounding medium. Since meiosis in VstHago 
KoUeri is taking place in one cell in contact with the external environment, 
and not, as in Coprinus for example, immersed in the tissues of the organism, 
the effect is probably more easily demonstrated in the former than in the latter 
type. 

The evidence indicates that the effect of the external medium is one of 
extending the process of segregation from one to two or three consecutive 
divisions. In addition, the independent pairs of factors are shown to differ 
in t^e percentage numbers of nuclear divisions in which their segregation 
occurs. This being the case, it would appear possible to obtain a promycelium 
where segregation of each of the independent pairs of factors had occurred in 
a different nuclear division. Further, as the external environment controls 
in part the onset of meiosis, and as segregation may take place in two non- 
consecutive divisions, it would appear possible that certain factors might only 
be segregated under certain conditions. This might provide an explanation 
of some cases of somatic segregation (Andersson, 1923), as well as suggesting 
that the external conditions of the cell are in part responsible for non-disjunction 
imd the consequent types of polyploidy. 

In conclusion, it is thought that th^ experiments indicate the importance 
of the meiotic process as a whole, that its onset and duration as measured in 
nuclear divisions is controlled in part by certain external conditions, that 
diff(Hrent chromosomes pairs vary in their reaction to these condirions, and 
that these particular external conditions have no effect on the distribution of 
the cUsjoimng chromosomes. 

Summary. 

(1) Seven pain of independent charaoten, shown by UstUago KdUeri, 
WiUe, in pure culture, are demonstrated to be segregated at times in a 2 *.2 
ratk) in the promyoelittm of the germinating ohlamydwpores. 

(2) Of these seven pairs of oharaoten, two— gender and margin sise— are 
seiriegated always in a 2 : 2 ratio. 

(9) Another ohataoter---odour^^o^ the colony^ segregated at tunes in 
2jil : I and 4?0 ratios. 
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(4) A fourth character — ^type of colony centre-<-i8 segregated at times in 
2 : 1 : 1, 1 : 2 : 1, 3 : 1 and 4 : 0 ratios. 

(5) The character pairs gender and margin sire are deduced to be the 
expression of one pair of Mendelian factors. 

(6) Colour is deduced to be the expression of two additive linked pairs of 
Mendelian factors. 

(7) Type of colony centre is deduced to be the expression of a number of 
pairs of Mendelian factors. 

(6) It is possible that the linkage between the two colour factor pairs is 
altered by a change in the nitrogen source concentration in the external medium. 

(9) The distribution of the members of all seven pairs of segregating 
characters is haphazard, and is not afiected by a change in the nitrogen source 
concentration in the external medium. 

(10) Four of the seven pairs of characters difier in the percentage number of 
times they are segregated in a particular nuclear division. 

(11) This percentage segregation is altered by changing the nitrogen source 
concentration in the externa] medium. 

(12) The effect of increasing the nitrogen source concentration is to extend 
the process of segregation from one nuclear division to two or to three divisions. 

(13) Segregation may, however, take place in two non-consecutive divisioiis. 

(14) The percentage segregation of gender is altered by four other external 
factors in the medium. 

(15) These external factors do not alter the haphazard segregation of 
gender. 

(16) The results show that the onset and the duration— as measured in 
nuclear divisions — of the process of meiosis is in part controlled by l^e external 
environment of the cell. 
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The Chromosome ConstUutum of the Pomoidece. 

By A. A. Moffktt, John Innes Hoitiooltural Institution, Merton. 
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[Plate 17.] 


1. Introduction. 


Previous investigations on oultivsted varieties of apples have shown that the 
apparent basio ohromosome number is 17, but chromosome pairing, morphdogy 
and breeding reauttB induate that the 34 chromosomes form a moire •ocmplez 
constitution than that of an ordinary diploid. 

In a reoent paper (Darlington and MoSett, 1930) it was oonoluded tlmt in 
the ooMvated apples the set of 34 obromosomes in the diploid belong to seven 


three of which are represented six times and four of tih«n ate repre- 
sented lour times. Thus the ori^nal ancestor of the si^ woukl have had a 
llaiio nninber of 7, and the present number of 17 is a secondary basio number. 
Tbe derived senes of p6l}^ploids with ohromoaome numbers 34, 61 and 68 are. 
iMocHidaxy polyjdoids. 

2 o 
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Since a change in chromosome balance k by aniJogy with other eases usually 
accompanied by a distinct change in the morphological characters of the plant 
concerned, it seemed possible that the Pomoidem as a group mif^t owe their 
special morphological characters to the state of secondary balance in the 
chromosome constitution. On this basis it was predicted that the secondary- 
balanced basic number of 17 would be found throughout the whole group, 
although other workers have reported different chromosome numbers in the 
group. 

The investigations which are reported upon in the present paper were under- 
taken to see how far this prediction was in accordance with the facts. 

2. Methods and Material. 

Boot tip preparations were studied in as many groups as possible, but owing 
to the common practice of propagating species of the Pomoidese asezually by 
grafting, it was necessary to obtain seedlings of some species examined. 

Pollen mother-cells were fixed in March, April and the early part of May. 
Medium Flemming and a modification of La Cour’s 2BE were used as 

fixing solutions, and Newton’s Gentian violet as a stain. The anthers were 
removed from the buds and fixed separately. Both fixatives gave good but 
somewhat variable results with the anthers. 

Root tips were cut at 6 (x and anthers at 14 (x. 

Most of the material for pollen mother-cell preparations was obtained from 
the Royal Botanic Gardens, Kew, by the kind permission of the Director. 

I was able to examine root-tip material of one variety of cultivated pear, 
“ Fertility, ” through the kindness of the Director of the East Mailing Research 
Station, who supplied a plant of this variety cm its own roots. 

3. The Clasnjioation of tite Pomoidew. 

Focke’s system of classification in Engler and Prantl (1894) was followed as 
being tiie most convenient for these investigationB, except as regards MespHus 
and Crataegus, which have been considered as separate genera instead of being 
grouped together under Mespiius. 

Oettera af Pomoidene .Engler and Prantl. 

1. Coloneaster, Medic. 

Section i. EveotoneaOer, Fooke. 

ii. Pyraoantha, Bom. ; 

2. (Nagdia, LindL). 

3. Osfoomeles, Lindl. ; 
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4. OydoMw, Toam. 

Section I £uoyiionM, Fooke. 
ii. Chaenomdes, lindl. 

6. (Doeynia, Decsne.) 

6. Pynu, Toum. 

Sub-genus i. Pirophonts, Medio, 
ii. Mdhu, Toum. 

iii. Hahnia, Medio. 

iv. Soibus, L. 

V. .dnmta, Pera. 

7. Rkapidepis, Lindl. 

8. Eriobotrya, Lindl. 

9. {Photinia, Lindl.). 

Section L Euphotinia, Fooke. 
ii. Hetenmdet, Bom. 

10. Pourthiaea, Decsne. 

11. Amdanohier, Medic. 

12. Slranmesea, Lindl. 

13. Mespdm, L., including Crataegus. 

14. {Ohamaemdes, LindL) 

The genera included in brackets have not been examined. 

Chromosome Numbers tn Ike Pomoidece. 

Pollen Somatic 

mother-cell chromosmne 
divisions. number. 


C(dcneaster‘' procrnibens’’ — 34 

oongesta, Baker 61/2 51 

„ rotund^dia, Wall. (fig. 1) — 88 

„ miorojihyUa, Wall — 88 

„ vuJgaris, LindL 84 — 

„ buUata, Bcvis 34 — 

Pyraamtha OdAsU, A. B. Jackson — 34 

„ <x)oc*»eaLaiemdei,'Dipp. 17 — 

Ottsomdes Stihwerim, Sohneid 17 34 

C^imiMvtilgaris,Pmi. 17 34 

Oyitma {Chamomdes) japoOMa, Pen. . 17 34 

n oatAoyenns, Hemd. (fig. 2) . . 17 — 

Ifatdet, T. Moore 17 — 


2 o 3 
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Chromosome Numbers in the Pontoidem — continued. 

Pollen Somatic 
mother-cell chromoBome 
” diviaione. number. 


Pyrus conmunis, L. vare. “ Fertility ” — 34 

„ “WiUiamfi'BonCJhr^- 

tien” 17 — 

*‘Beurr4Gifiard” .... 17 — 

vam. ‘‘Rev.W.Wito 17 — 

„ “ Baumann’s Eeinette ” . . 17 

„ “Washington” 51/2 

Pyrtis tomnnalis, Ehrh. 17 — 

„ Sorhusy Gaertn 17 — 

„ (Sorhus) minima, Hedl 51/2 

„ Auoaparia, L. (fig. 3) — 34 

„ (Sorbus) Aria, Ehrh 17 — 

„ {Afonia) arbiUifolta, L. (%. 4) 34 68 

„ %&n(2a, Moench 17 — 

Rhapiolepis Detacourii, Andr6 (fig. 5) 17 34 

„ indica, Lindl 17 — 

Eriobotrya japonica, lindl. (fig. 6) — 34 

Photinia (Pourthum) viUosa, DC. (fig. 7) 34 68 

Afndanohier stolonifera, Wiegand — 68 

„ IcBvis, Wiegand 34 68 

„ rotundifoUa, Boem — 68 

„ canadensis, Torr. and Gray 34 — - 

Stramcesia Davidiana undukUa, Kehd. and Wilson 17 34 

MespQus germanica, L 17 — 

Crataegus monogyna, Jacq 17 34 

„ oxyaoarUha, L 17 34 

„ Stend. (fig. 8) — 34 

„ TotundifoUa, Moenoh — 68 

„ monogyna, var. cabuUoa, Hort 61/2 — 

„ chlorsarca, Maxim 17 — 

„ Sarg. 34 

„ pruvnosa, Kooh. 34 — 

„ (qjpowta, Sarg. 34 — 

„ peiiciU(Ua,B«rg, .... 84 ^ — 

„ cordoto seedling — 72 
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Kisj \c 

Vr'£\^ 

Via. X.—CoUmeatler rotundifoUa 
(2n =. 68). 

Fio. 2. — Oj^lcmta cjathayensis 
(in ^ 34). 

Via. 2,—Pyrua Aveuparia 
(2n » 84). 


:#c 

’SJlfcr 

c 

71/M 

Hq. A^^Pyrus arbiUifolia 
{in aa 08). 

Fia. fi,^Rhapickip%B DdaMwrii 
(in » 34). 

Fio. 6 . — Eriobolrya jopoaica 
(2n «> 84). 





w 


tte. l^PhoMa vUiam 

(2i»»0$). 

Fm. 8.— Oratoe^ MijnUtm 
{U = 84). 

Fio. 9.—Cralatgiu cerdata 
•Milling (2m » 72). 


Fmw- 1*4.— Sonwtio diviaiong bom root tip. ( x 4000.) 


obBenrstioD 3 show that the basic Qomber of 17 rons thzoiighoat all ths 
of tite Pomoiden examined and that all the species and varieties an 
|lf^|doid, having 84, 51 or 68 chromosomes. As will be shown later in tiiis 
anea^knd Satm do ooour in the progeny of teiploids and tetraploidl 
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tiie seedling of CraUugm eordata), bat these are osaally of a weak oon- 
stitation and probably incapable of sapporting themselves onder natural 
conditions. 

Throughout the whole group the morphology of the chromosomes shows a 
great similarity. The chromosomes are all small, the largest being about 3 (i 
long and the smallest less than 1 |x. Types occur with median and submedian 
constrictions. It will be noted with reference to the illustrations that one 
type — ^the longest, a subterminally constricted chromosome — is represented 
four times in the diploid, six times in the triploid and eight times in the tetra* 
ploid. These chromosomes can, of course, only be identified with certainty 
where the fixation has been satisfactory. 

PoUen Mother-cdU Divisiom. 

(a) General Remarkt. — Material of the following forms was examined : — 

Diploids — 

PyracanOia oocdnea Lalandei, Dipp. Cydmia (Chwnomeles) ccUkt^/eneie, 
Hemsl. ; C. japonica, Pets. ; C. MauUti, T. Moore. Pyrus com- 
munis, L. vars. “ Fertility,” “ Williams’ Bon Chretien,” and “BeurrA 
Gifiard.” Pyrus Malus, L. vara. “ Rev. W. Wilke,” and “Baumann’s 
Reinctte.” Pyrus torminalis, Ehrh. ; P. Sorbus, Gaertn. ; P. Aria, 
Ehrh. ; P. hybrida, Moench. Rhapiolepis Ddaeourii, Andri ; R. 
imdica, Lindl. Stranvcesia Davidiana unduhta, Rehd. and Wilson. 
Mespilus germaniea, L. Crataegus oxyaoaniha, L. ; C. ehlorosaroa, 
Maxim ; C. monogyna, Jacq. 

Triploids — 

Cotoneaster oongesta, Baker. Pyrus Modus, L. var. Washingt(m; P. 
minima. Crataegus monogyna, var. CabuUoa, Hort. 

Tetraploids — 

Cotoneaster mdgaris, Lindl. ; C. bvddata, Bois. Pyrus arbut^oUa, L. 
PhotiniavUlosa,'DC. Amdam^ier canadensis, Torr. and Gray; A. 
lams, Wiegand. Crataegus eognata, Sarg. ; C. frmmsa, Kooh ; C. 
apposita, Sarg. ; C. pedidUata, Sarg. 

The majority of tiie observations were made on the metaphaae Ike Arst 
pollen mother-cell division. F(der views were found to be pattioohNcly good 
m giving a dear general impression of Ike frequencies of difhuent k^ 
peiik^. Physical rnmneetions between the dtroinosomea-^wlM^ thny oe^^ 
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oannot be seen in snob plates, as they lie for the most part axially in the spindle 
and are therefore invisible in polar views. In side views of the metaphase it 
may be determined whether the chromosomes are associated or whether their 
proximity to one another is due to secondary pairing. 

In the tetraploid species most of the observations are on polar views. In 
side views, on account of the large number of chromosomes, it was almost 
impossible to determine the nature of the individual associations. 

In many instances cliromosomes were found Ijdng together, apparently 
associated, but it was impossible to determine whether these were real associa- 
tions or were due to acddental placing of the chromosomes. In the triploids 
some of the associations found were of such a complicated nature that it was 
impossible to interpret them. 

Pollen Mather-cell Divisions in Diploid Forms. 

Throughout the genera of the Pomoidess the diploid species all show a high 
degree of similarity in their chromosome behaviour at meiosis. At the 
metaphase of the first division the separation of the chromosomes is usuaQy 
perfectly regular, 17 bodies being found passing to each pole. Abnormalities, 
such as the lagging of a univalent after the other chromosomes have passed to 
the poles, were found in a small percentage of oases. 

In polar views of the first metaphase it was observed, in every division 
examined, that a certain number of bivalents were paired, giving groups of 
four and six chromosomes (figs. 10-21, and Plate 17, figs. 1-3). The extent 
of the pairing varies from three quadrivalent groups to the formation of three 
sexivalent groups and four quadrivalent groups (fig. 22). This was the maxi- 
mum association observed, and it will be noticed that the 17 pairs of chiomo- 
aomes appear as seven groups. It is impossible to determine whether the 
groups chromosomes observed in polar view are true associations or ate dne 
to " secondary pairing.” In side view of the metaphase, leas abtmdant but 
more definite evidwoe of the nature of these groups of chrmnosomes niay be 
found. Quadrivalent asaociatimu do occur, although not with such frequenoy 
as would appear to be indicated from the evidence of the polar views ; but 
frequently in side views sinular tyiws of chromosomes may be deserved fyiag 
in dose proxiinity, without having any physical ocamec&tns (f^. 24-27)« 
l 4 Mrienc» (IfiSiy iuMi^^^B^ similar obe«rvations <m DaMio, and it is ocmsidessd 
iftat die majority of the groups of ohromosomes observed in pdar views are 
this “ secondary pairing,” that is, they do not Mise from the pairing 
qiiiw ohimnadn threads at tnophase, but from an attraoti<m between the 



430 


Ar» A.« 


6*3* » 

9 ^ %) 


PiQ. 10. — PyracatUha cocoinea 
Lalandei, 

Fio. 11. — OakofHeks 
SchwerinoB* 

Fig, 12. — Gydonia 
oUhayeMia, 

i) ^ 

»« « 

8* * 

0 ^ 


Fio. 13. — Pyrus eommvmU 
w. “ Fertility.” 

Pio. 14. — Pynu 
8orbu$. 

Fto. 16.— PyriM 
Sorimt. 





ViG. 16.— PynM Aria, Pw. 17.— Fynwr hybrida, Fio. lB,'^Rhapiokpi$ indica. 



Ito. 19 . — Stranvaesia 
Davidiam undtdata. 


it 

Fi 0 « 20 .— 
axyacaiUha, 




Fio. 21.— CniAM|M 
cUefomna. 


Hob. 10-21.— Polar viaws of the metaphaae of the flnt dlTiikm, •howing eeeon d a t y 
pairing of ohromoaonee. (x fSOOO.) 
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Fig. 22. — ^Apple “ Northern Spy ; polar 
view of the firet metaphase, showirig the 
maximum pairing observed. Three 
groups of six chromosomes, two groups 
of four chromosomes, (x 500(K) 



Fig. 23 . — Pyrw Aria , — £arly anaphase of 
the first division ; the two plates drawn 
side by side showing similar gronps of 
chromosomes in each. ( x 6000.) 



Fig. 24 . — Ptfrus Aria , — ^Two quadrivalents. 
Similar types of chromosome l>'ing together. 



Fig. 26 . — Cpdonia caihayemis, early 
anaphase. Quadrivalent dividing late. 


Fig. 26. — ^The same. Early anaphase* 


Fio. 27. — Crttiae.gus mono^yna.— SimiUr 
ohromoaomoB lying in oloae proximity. 


Fiob. 24-27. — Side views of metaphase or early anaphaae of the first divisitm in diploida. 

(X4e00.) 


duDomosomes at a later stage. Further evidence that the chtomosome groapiog 
observed at metaphase is of a “ secondary ” nature is obtained from ohserva- 
tilons of diakmesis. In the great majorify of divisions examined 17 bivalenti 
wtste observed, though in a small percentage multivalent associationa were 
found (figs. 28^2d). 

In the two sides of the division at early first anaphase shnilar gronpings of 
dbromoBomes axe frequently observed (fig. 23). Fixation at this stage is 
usually very good, und the occurrence of these similar groups of ohiomosomes 
in comparatively widely separated plates, tc^ther with the fact that the groups 
at thju stage and at metaphaae are never less than sevm and never include mote 
than six chromosomes in a group, show that the phenomenon of secondary 
pairing IB determined by l^e fxmstant qualities of the chromosomes and is not 
manly ah accident of fixation. 



4td 


A. A« 



Fig. 28 . — Cydoma Matdei , — One sexi- 
valent, one quadrivalent, twelve 
bivalents. (X 6000.) 



Fio. 29 . — Oydania oatKayenm , — One 
quadrivalent and fifteen bivalents. 
(X 6000.) 


FlOfi. 28 and 29. — Diakinesk. 


Prophase Stages. 

At early diakinesis, bivalent chromosomes are found to be associated by 
chiasmata which are for the most part interstitial (fig. 30, A-'N). This observa- 
tion agrees with my interpretation of metaphase, where the chromosomes are 
frequently seen to be associated interstitially in a way described in Pnmus 
by Darlington (1930). The same kind of relationship is seen in multivalent 
association in polyploids (fig. 30, 0-Q). 



Fig. 30.— Prophase stages : A-K from diploids, CM) from tri|dolds. A-*C^ 
Oydonia eathayensui, D, K-N, Mapiolepts indiea. 0, F, Q, Pyrusminima ; Oand P 
quadrivalente, Q pentavalent. (xi800) 


5(6). PMen Motherwell 

Two types of triploids may be distittgtiadbed according to their Uliavidtif 
at meiosis 
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(1) Fonns in which the pairing b almost complete, rarely more than three or 
four univalents being found lagging at anaphase (as in Pyrm MaUu, 
1930). 

(2) Forms in which pairing is not so regular, as many as 14 univalents 
frequency being observed at first anaphase. 

CnOaegw monogyna var. cabtdioa, Cotoneaster conger and Pgrut Malut 
var. " Washington ” were found to belong to the former class. The commonest 
multivalent association is the trivalent, but higher combinations have been 
identified both in side and polar views of the first metaphase, indicating that 
autoi^desis takes place within each of the three sets of the triploid (figs. 31- 
33, 37). At first anaphase usually two or three univalents are found lagging, 
though as many as nine have been observed. Some of the multivalents 
observed were of such a complex nature that it was impossible to interpret 
them. These triploid forms evidently arise, as Rybin (1926) has shown in 
apples, through the functioning of an unreduced gamete in a normal diploid 
and not from a cross between a diploid and a tetraploid. These forms are 
therefore, like the triploid apples, non-hybrid or auto-polyploids. 



a 



Fios. 32 and 33 . — CnOatgiu momgyna var. ooWteo. 


etmgftkh 

Fios; 31-33.— Polar views of first metaphase in triploide. ( x 5000.) 


Pyru* mmmm belongs to the second class of triploids. 

Pyrut minima, a native Brititii species found growing (m Brecon Beacon, 
proved to be a tri|doid. It is doubtful if the plant examined was the true 
species, nnoe being a triploid it would be incapable of maintaining itself by 
seed in the wild oOndition. It seems more probable that the materid 
eacamined was from a seedSing arising from a cross betivean a diploid uid a 

Xi ittiek)^ as 16 tinivaltt3.ts were observed at first metaphase, but 

beubfo at of la^png univalfints tiiowed a mean of 13 39). 
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The paiied chromcNsomeB at the first metaphase are grmq>ed towards tire 
centre of the plate (figs. 34-36), while tibe univalents lie in a ring round the 



1^0. 34, 14 univalenta. Fio. 36, 16 tmivalenta. Fio. 36, 13 utliyalrats, 

Fios. 34-36. — Pyru$ minima. Polar views of first metaphase in triploids. ( x 8000). 


periphery. A similar type of arrangement of the univalents round the outside 
of the plate has been observed by Lawrence (1931) in DahUa. Except for 
the occurrence of the univalents, the pairing of the chromosomes shows con- 
siderable similarity to that foimd in the “ diploid *’ types of the Pomoideae. 
The paired chromosomes are associated into groups of four and sizes in a 
manner comparable with that described in the diploid (fig. 35). Trivalents 
do occur, but not with the frequency observed in autotriploid forms. Multi- 
valent associations were found at early diakinesis (fig. 30, 0-Q) showing that 
some of the higher associations are true muMvalents due to the pairing of the 
chromosomes at prophase as opposed to secondary pairing. It is probable, 
however, that many of the groups of chromosomes observed in polar views are 
of a secondary ” nature. 

At anaphase of the second divirions numerous univalents are found lagging 
(fig. 39). 

Multivalent associarions were found also in triploid apples (Dariington and 
Mofiett, 1930) and they probably occur throughout the triploid forms, a much 
higher proportion of true multivalent associations occurring than in c^her 
diploid or tetraploid forms. 

Such a condition may be explained by the behaviour of the triploid chromo- 
somes at prqphase. It has been shown in the triploid tahp (Newton and 
Darlington, 1929) that pairing can only take place between two oi the three 
threads at any given point. This condition results in thote always being a 
thread or part (d a thread left free. 

Sinoe the “ tr^loid ” of the Pomoideae is redly tinnawnmin for three efaromo- 
somes and hexnsomio for fotu, taldi^ a mmasomio type A, Ihe ohrfMDaawMna 
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Fio. 37. — Multi valents from side views of the first metaphase in triploids. ( x 6000.) 
A-D, OraiaegiLa monogyna var. caJtyulioa, E, Pyru$ minima, F, Apple vaiiety 
“ Washington.” A. VIU. B. V. C, IV. D, VI. B. IV. F, V. 


• 4 * 


Fia. 38. — ^Anaphase of the first division in 
Pffma mtmma. ( X 4000.) 12 uni- 
valents lagging to divide on the plate. 



Fio. 39. — ^Anaphase of the second division 
inPyntsmmtma. ( x 4000.) Chromo- 
somes lagging on the plate. 


ooouia three times in eaoh set of the triploid, and there is some difference in 
the degree of homology of eaoh of these three. 

The A ohromoBomes of the triploid may then be represented as follows : — 

Aj^ Aj A3 

Aj A£ A3 

Alj *^8 

where 1, 2, and 3 represent the chromosomes of a particular **set” of the 
triploid. The chromosome A^ will then pair with its homologues in a typical 
triploid manner as in the tulip and hyacinth, and the Ag and the Ag chromosomes 
will behave in the same way. In the pairing of the chromosomes to form a 
trivalmit some portions of the chromosomes are not necessarily paired. As in 
dipknd X fwtioilkaa (Primula hewewU) (Newton and 

T^w» 1929) hybrid, a low degree of pairing may take place between the 
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unpaired portions of A^, and Ag, thus giving rise to multivalent assooiations 
of a higher valency than trivalents. 

If Pyrus minimal arose from a cross between a diploid and a tetraploid, two 
of its chromosome sets (those fromT the tetraploid) would probably be similar, 
while the third set (from the diploid) would differ. The formula for such a 
triploid may be put down as follows, the figures indicating differences in 
homology and A representing one type chromosome of the three sets : — 

Aj Ag Ag 

Aj, Ag Ag 

A4 Ag Ag 

In such a plant A^ would pair with Aj, leaving Ag free, and similarly Ag would 
pair with Ag and Ag with Ag, leaving Ag and Ag free. These free chromosomes 
may remain free as univalents, as appears usually to occur, or they may pair 
among themselves or with the other chromosomes as has been shown to occur 
in a low proportion of cases. 

PoUen Mother-cell Divisions in the TetrapUnds. 

The divisions of meiosis show the abnormalities inherent in the multivalent 
association of chromosomes. One or two univalents are frequently found 
lagging at the anaphase of the first division, while as many as nine have been 
observed {Amelanchier canadensis). 

The most frequent multivalent associations are quadrivalents, which are of 
the types found in Prunus (Darlington, 1928) and Pyrus Malm (Darlington and 
Moffett, 1930). Higher associations have been identified in the side views of 
the first metaphase (fig. 40), but the large number of chromosomes makes the 



Fig. 40. — ^Multivalent asBociations from side views of the first metaphaee in tetraploids. 
(X 6000.) A-D. AfMilancMer canadensis, E and F, Cokmeaster vulgaris, G, Cm- 
taeg^is pedicdkda. A, B and D, VI. C, VH!. E. VHt F, VI. G, V or possibly 
more. 
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interpretation of multivalents extremely difficult. Polar views of first meta- 
phase give evidence of secondary pairing, groups of chromosomes being found 
which appear to be of a similar nature to those described in the diploids. 

Apart from the quadrivalent associations, groups of six chromosomes are 
most frequently observed ; but groups of eight and possibly 12 chromosomes 
are of common occurrence (figs. 41-48). From the nature of many of these 



PlO. 41. — Cotoneaster Fio. 42. — CoUmmster vulgaris, Flo. 43. — Pyrus arbutifolia. 



Fia, 44. — Photinia rillosa, Fio. 45. — Amehnchier Flo. 46. — Cratasgiis apposHa. 

canadensis. 



Pio. 47. — Crataegus oognaUu Fio. 48. — Crataegus cognata, 

Fios. 41-48* Polar views of the first roetaphase in tetraploids, showing multivalent 
association and secondary pairing. ( X 5000.) 

groups it is obvious that it would be impossible to determine in side views 
whether they consist of secondarily paired chromosomes or are true multi- 
valentB. 
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At early anaphase of the first division it was observed that the chromosome 
groups in either plate frequently corresponded. If secondary pairing is an 
inherent property of the chromosomes themselves and is not merely a clump- 
ing due to fixation, this is to be eipeoted. In Pyrus arbutifolia a particularly 
good example of similar groups in the two sides of anaphase was found (fig. 
49). In this preparation the two sides of the anaphase were sufficiently widely 
separated to be in adjacent sections without any damage to either plate. 
Since correspondence of the chromosome groups in the two plates is almost 
complete, and it seems unlikely that fixation should clump the chromosomes 






Fro. 49. — Pynia arbutifolia. 








t'lo. 50 . — Craiaegm pruinoaa. 


I'lGS. 49 and 50. — Polar view of anaphase of the first division in tetraploids, showing 
similar groups of chromosomes in each plate. The two sides of the anaphase have been drawn 
side by side. ( X 4000.) 


of two comparatively widely separated plates unless the chromosomes were 
already lying in definite groups. 

Chromosome Numbers in i}\e Progeny of Triplouls. 

Chromosome niunbers were determined in 19 seedlings of crosses between 
diploid and triploid apples, and of 12 seedlings of triploid X triploid and 
triploids selfed. The seedlings were obtained from crosses made by Mr. M. B. 
Crane and Mr. W. J. C. Lawrence of this Institution. 

The chromosome numbers are exceptional amongst the offspring of triploids. 
Previous observations on the progeny of selfing triploids or crossing them with 
diploids (as in Datura, Belling and Blakeslee, 1922 ; Solanum, Lesley, 1928) 
have indicated two distribution tendencies in respect of chromosome number : — 

(1) A binomial frequency of gametes with different numbers about the half 
number as moan. 

(2) The elimination of a proportion of male gametes and of zygotes with 
unbalanced niunbers. 
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Table I. — Chromosome Numbers of Seedlings from Crosses between Diploids 

and Triploids. 


Iximc'm PriiiiH* Alborl (2n) >. BruinlLiy’H Stml- ■ 

line (3n) 

Uraiuloy’i* ^Sctodling (3n) x Cox's Oraiigt* i 

(2«) . .| 

Bli nlujim Omuge {3n) x C«>x'h Oningn (2//) ; 
Blouheim Orange (3n) x McIntoHh lied (2n) j 

Total 

Natural seedlings t)f Hramley a Seedling I 
(probably 3a x 2n) from Darlington and | 
Moffett H data, 1930 


Total numl>er of Heodliugs 


Number of chromosomes. 

37 38 30 40 41 42 43 44 46 4G 47 

1 

~ 1 - — 1 - 

13-2 - - 

I --— 32—11 

1 1 2 G 2 3 1 I 

2 13 4 - 1 

1 4 2 6 10 2 4 1 1 1 1 


The seedlings her<^ diflcussed are unusual among the progeny of triploids, 
and the additional numbers of seedlings support the previous evidence (Darling- 
ton and Moffett, 1930), that the highest frequency is observed with 41 chrome- 
.somos (fig, 51), wiiich is tlie sum of the presumed primary Imploid number 



ftfumbrrs tit 

Fiq. 51. — Diagram showing the frequency of ohromosome numbers in seedlings from 
tciploid apples. 

Natural seedlings of Bramley’s Seedling 

Seedlings from crosses between diploids and triploids — , — . — . — , — . 

Total number of seedlings from diploid and triploid croa^cs 

Ttiploida X triploids or triploids soiled 

VOL. ovni— B. 2 H 
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(seven) and the secondary diploid number (thirty-four). It is to be imputed 
that the high frequency of seedlings with 41 chromosomes is due to the greater 
viability of the 17 + 7 gametes in the triploid rather than to their zygotic 
viability, since seedlings having other chromosome numbers are frequently more 
vigorous than the 41 type. 

The crosses between triploids show a greak^r fro(iueney of plants with 
chromosome numbers higher than expectation on normal triploid segregation 
of chromosomes (fig. 61). This indicates a greater viability of zygotes with the 
higher chromosome numbers, but the number of seedlings examined so far is 
not sufficient to be significant. 

Table II. 


Numljor of chromotiomcw. 


49 50 51 52 53 54 55 50 57 58 59 60 61 62 63 64 


Blenheim Orange X ! 

Bifaeton Pippin ' - — 1 — — — — — — _ « 

Blenheim Orange : 

! 1 — — 

liibston i^ppin eeifed j 1 — 1 1 — 4 — 3 — — — — — — — 1 

Total 


Secondary Pairing at Evidence of Chromosome Relation. 

Since chiomatin material is physiologically diflerentiated, chromosomes which 
pair together and segregate at random to produce homologous gametes must be 
themselves homologous. Cytological evidence indicates that different degrees 
of afiinity exist between the homologous chromosome sets of polyploids, and 
under certain conditions, through the lack of competition, chromosomes that 
might be considered to be non-homologous are found to pair. Collins and Mann 
(1923) found complete chromosome pairing within the haploid set of Crepis 
biennis, by crossing it with Crepis setosa, and Darlington (1930) has shown a 
similar internal pairing in a cross between the hexaploid Prunus domestioa 
and the dijdoid Prunus cerasifera. In Primula jloribunda X vertidUata, 
Newton and Pellew (1929) it was found in the diploid that the chromosomes 
from the two species paired regularly in absence of competition, whereas in 
the tetraploid the chromosomes of the two species always paired amongst 
themselves. 

In the Pomoideee it is probable that secondary pairing indicates a differential 
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affinity of the chromosomes similar to that indicated above, because the 
multivalent associations which occur in the triploid and occasionally in the 
tetraploid and diploid would be predicted on this basis. 

In the diploid types we may distinguish two tjrpcs of pairing : — 

(1) An almost universal formation of l)ivalents by prophase pairing. 

(2) A secondary superimposed pairing of these bivalents to form groups of 

four and six chromosomes each, seen only at metaphase and anaphase. 

From the evidence of early diakinesis it has been shown tliat this grouping 
of the chromosomes at motaphasc is for the most part purely of a “ secondary 
nature. Secondary pairing is evidently a criterion of relationship that can 
bo applied to chromosomes that have differentiated by independent variation 
over a great period. 

It is admittedly a difficult criterion to apply, but where, as in the present case, 
it is supported so fuUy by evidence of other kinds we ar«* justified in drawing 
the conclusion that it indicated chromosome relationship. 

The Pomaidew as a Otoup in rdation to Chromosome Cmistitulion. 

A. Evidence, — Cytological observations have shown that the Pomoideae 
form a uniform group with the apparent basic number of 17. This conclusion 
was predicted on the basis of the hypothesis described for Pyrus (Darlington 
and Moffett, 1930). Longley (1924) working on CrataeguSy and Meyer (1916) 
on Mespilusy found the basic number of these genera to be 16. I have examined 
10 species and varieties of Crataegus in both somatic and poUon mother-cell 
divisions and in every case have found the basic number of 17. MespUus 
germanioa was examined in pollen mother-cell material and the basic number of 
17 was found. It seems probable that the lower chromosome number assigned 
by these two workers to Crataegus and Mespilus is due to the occurrence of 
secondary association in a group of plants where polyploidy had not been 
suq^eoted. 

It is to the diploid forms that we must turn for the most critical evidence of 
autosyndesis within the group of 17, since in these forms the lower number of 
chromosomes and the absence of the farther complication due to secondary 
pol 3 rploidy make a critical study more easy. As has been shown for Pyrus 
{toe. oiL V. suproy 1930), two types of association occur in the diploid forms— 4x8t, 
an almost invariable association of the chromosomes into 17 bivalents, and 
aeoondly, a variable superimposed association of tiiese bivalents into three 
froupa of three and four groups of two. In the triploids and tetra^doids the 
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forms of association are more complex, but, throughout, associations of a 
higher valency are found corresponding with the sixes and fours of the diploid. 
These show that, as found in Pyrus, the original basic number of the Pomoidoro 
is less than the numerical basic number of 17, and the haploid or gametic 
chromostune number may be represented by the following formula as found 
for Pyrus : — 

AAA 

BBB 

(XXJ 

DD 

EE 

FF 

GG 


Such a condition has only been shown convincingly in one other species, Da/dia 
Merckii (L iwrence, 1929), where it is possible to point directly to the simple 
related tetraploid form within the genus. The chromosome constitution of the 
Pomoidese cannot be interpreted on a primary basic number of eight, since if 
such were the case never more than one group of six secondarily paired chromo- 
somes (three bivalents) would be found at metaphase, whereas two and three 
groups of six chromosomes are of common occurrence. . 

Further evidence is derived from the progeny of triploids. In the crosses 
between triploids and diploids it is found that the highest frequency occurs 
with 41 chromosomes (sec p. 439). This result is in accordance with the usual 
rules of inheritance in ancuploids if we assume that the primary difierentiation 
of the complement is into seven and not 17. 

It is probable that secondary polyploidy is much more widespread than has 
hitherto been suspected, and tliat other secondary balanced forms will be found 
in the future. 

Sig’nificatice . — Throughout the Pomoidese the chromosome complement is 
imbalanced relative to the lialanced constitution found in other groups of the 
Rosacea;. Since these new forms are capable of fulfilling the functions necessary 
for existence as well as the old types, they should be referred to as secondarily 
balanced, rather than unbalanced, ty|)es. 

It has been shown experimentally that an unbalanoeAJorm always differs 
markedly from its prog^tors in morphological chataq||i^, whatever the effect 
on its viability and fertility may be. Under eiq^iimentol ooaditious un- 
balanced forms are usually found to have greatly reduced fertility and viability, 
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but that this is not always the case is clearly shown in Dahlia Merchii (Lawrence, 
1929). 

It would seem that out of the numerous unbalanced types capable of being 
produced in Dahlia and in the Rosaoeas a type can occur which is again balanced, 
but has a completely different chromosome constitution from its ancestors. 
Simie in the Rosact^ae this change has produced a distinct and very widespread 
group (the Pomoideas) it would ap|H3ar that a change of chromosome oonstitu* 
tiou such as has been indicated constitutes a definite evolutionary step, and 
that such a group of plants will liave a morphological expression different from 
that of the primary balanced form. 

As a group the Pomoidete are clearly distinguished from the rest of the 
Rosacese. Early workers divided the RosacesD into three groups — ^the 
Pomoide^BB, Prunoidese and Rosoideae. This grouping of the Rosaoess has sinoe 
been supported by c)diologioal evidence. The Pomoide» have a basic number 
of seventeen, the Prunoide® of eight and most of the families of the Rosoidess 
have a basic number of seven. There are exceptions in the Rosoideas, but 
these are of secondary importance.* 

Within the group of the Pomoideas, a high degree of similarity in certain 
morphological characters may be found throughout the genera. The most 
striking of these is the pome type of fruit, typical of all genera of the Pomoidees, 
but not found outside the group. It seems plausible that this specialised type 
of fruit, peculiar to the group, may owe its evolution to the altered chromosome 
constitution found in the Pomoide®. 

Within the genera of the Pomoide® an immencK? amount of variation is 
found, making a systematic study extremely difficult. Such a condition is 
to be eipected from a group of complex polyploids, whose polyploidy furnishes 
a mechanism for the segregation of numerous variations, but whose general 
character is evidently determined by their characteristic balance. 

Qenotical studies of the Pomoide® have been confined to the cultivated 
varieties of Pytua Mahts, Crane and Lawrence (1930) remark that in culti- 
vated apples “ incompatibility occurs in a varying degree, but is rarely, if ever, 
completely expressed in apples as in plums and cherries.” Mr. Crane also 
tells me that the genetical work on apples is o{ u complexity quite distinct 

* Kobel (1027) lias reported the basic number of six in NvUaUia urasiifannia^ Torr. ei 
Gr. Thk species has been examined both in root tips and pollen mother^oells and the 
bi^o number of ei|^t (2n » 16) has been found, hriiigttig it into line with the rest of 
the PnmoideiD. 
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from that found in diploid fruite. Evidently thia is to be attributed to the 
anoeatral origin of the apples as polyploids. 

[Note added May 19, 1931 ; — 

Secondary Pairing among Univalents . — Since going to press, further material 
of the triploid Pynis minima has been examined. In this form about 13 
univalents are usually found lying o& the plate at the metaphase of the first 
reduction division. It was observed that the univalents frequently lie together 
in pairs scattered at random (fig. 52). This secondary pairing among univalents 
is to be expected if the 17 ohromosoratts are really composed of a pritimry set 
of seven. It would seem that the chromosomes within the set are sufficiently 
homologous to exhibit a mutual attraction but not sufficiently homologous to 
pair at prophase.] 



Fio. 62 . — Pyrus minima. Side view of metaphase of the flrat reduction division, showing 
secondary pairing of univalents. The complete complement of chromosomes has not 
been drawn. ( X 4000.) 


Summary. 

(1) The basic diromosome number in the Pomoidese is 17. All species and 
varieties examined were orthoploid (p. 426). Aneuploid seedlings from 
triploids are weaMy. 

(2) Diploid, triploid and tetraploid forms occur in the PmnoideiB. A 
particular long type of chromosome is represented four times in the diploid, 
six and eight times in the tr^loid and tetraploid respectively. 

(3) Secondary pairing occurs amongst the chromosomes of all the “ diploid ” 
types of the Pomoidete, forming sexivalent and qtladrivalent groups. In 
extreme cases seven groups are formed — three sexivalents and four quadri- 
vabnts. Multivalent associations occur less frequently. 

(4) Two types of triploids ooonx: (i) autb-triploidB : these tunudly fonn 
trivalents, but higher assodations have been observed, showing that aatq* 
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syndesis takes plaoe within each of the supposed haploid complements. Divisions 
are slightly irregular, (ii) AUo-triploids : formed from a cross between a diploid 
and a tetraploid, and having very irregular divisions with numerous uni- 
valents. 

(6) Tetraploid forms show secondary pairing, groups of six and eight chromo^ 
Bomes being most frequently found. 

(6) Seedlings of triploid x diploid apples most frequently had chromosome 
numbers of 2n -f 7, instead of giving a binomial frequency or elimination of 
intermediate numbers. In triploids intercrossed or selfed the seedlings showed 
a higher chromosome number than would be expected. 

(7) Chromosome pairing, chromosome morphology and breeding results 
indicate that, as in Pyrus, the 34 chromosomes of the diploid Pomoideas are 
of seven tyj>es, of whicli four are represented four times and three are represented 
six times. 

(8) The number 17 is therefore a secondary basic number (unbalanced relative 
to the primary basic number) and the deriv(Kl series of polyploids (2w = 34, 61, 
68) are secondary polyploids. 

(9) On analogy with experimental observations, the establishment of a 
secondjuy basic number must mean a definite^ evolutionary step. It is plausible, 
therefore, that the PomoidesB owe their special morphological characters to 
this state of secondary balance. This indicates that change of balance is a 
factor in evolutions^ change. 
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DESCRIPTION OF PLATE 17. • 

Fxos. 1-6. — ^Microphotographs of the first pollen mother-cell division in diploid and 
tetraploid species of the PomoideeB, slmwing secondary pairing. 

Pio. 1. — Oydonia catKayenaia {2n = 34). ( X 2600.) 

Flo. 2. — ^Pear var. “ Fertility (2n = 34). ( x 1700.) Same as fig, 13. 

Fio. 3. — Wiapiolepia indica (2n ~ 34). ( X 25CK).) 

Fios. 4-6. — Crataei^ appoaUa (2n = 68). Three photographs of the same plate at different 
levels. ( X 1400.) The same as fig. 46. 
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The Micelle Structwre of the Wool Fibre, 

By J. B. Speakman, Leeds University, 

(Commonioated by E. K. Rideal. F.R.8. — Received March 6, 1931.) 

Abstract. 

1. The wool fibre is coastructed from micelles which are lamellar in shape. 
These are arranged with their long axes parallel to the length of the fibre and 
they are much longer, probably ten times longer, than they are thick. 

2. The thickness of the micelles has been determined and is of the order of 

200 A. 

3. The inter>micellar distance in the case of the dry fibre is small and of 
the order of 6 A., but with wool fibres in water the distance is increased by 
swelling to 41 A. Thus the swollen fibre is far more easily accessible to 
reagents of high molecular weight than the dry fibre. 


{The /till paper is printed in ‘ Proceedings ’ A, val. 132, pp. 167-191.) 
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Investigations on Mediierra/nean Kola Azar. I.- -Introduction and 

Epidemiology. 

B 7 S. Adleb and 0. Thbodob. 

(Kala Azar Commisaion of the Royal Society.) 

(Gommunicated by H. H. Dale, Sec. B.S.— Received May 7, 1931.) 

These iaveetigationa have been carried out with the support of the Anonymous 
Bequest Fund, administered by the 'Dopical Diseases Committee of the Royal Society. 
The services of Dr. Adler and Dr. Theodor, as well as important items of equipment a^ 
material, have been generously placed at the disposal of the Royal Society for this purpose 
by the Hebrew University of Jerusalem. 

Viaceral Leithtnaniasia is distributed irregularly throughout the whole 
Mediterranean basin. Sporadic cases have been recorded throughout the whole 
area, but there are important foci where the disease is constantly present. 
The three largest foci are Catania (population 264,000 dro., 150-200 oases 
annually), Naples (70 oases annually), and Palermo (70 cases aimually), with 
their neighbouring villages. The disease is also constantly present in Tunis, 
Algeria, Spain, Malta, Greece (including Macedonia) and the Greek islands. 
In Palestine the disease is very rare, only oue locally acquired case having bemi 
zeporded daring the last seven years. In districts where the disease is endemio 
its distributioa is not uniform ; there are always areas of muTimnni incidence, 
e.g., near Naples the village of Bosco Trecase is more heavily infected tlurnttie 
surmuKiing villages. Endeimo foci are often separated by large tracts 6 f 
oouhtry whare the disease is unknown; thus according tc Pittaluga (1925) in 
%Nun the eastern maritime provinces are infected, in the mterior Msdzid and 
Tf^edb are also mfected, while the intervening country is free from the dueaae. 

In the buner foci htunan and canine visceral i^hnmntasw always co-em^ 
bnt tlm mlariye ino^ of the disease in man mid dogs varies in dilbnest 
foci, tn Chritnia, endemic fori, Pulvitenti (19ll) found ah 

infection rate aboot 1 per cent, in dogs ; in Palermo, Jemma (1910) fomid np 
infecrimiB k ^ and Oatoma and di Giorgio (1914) found mxM k i>!D05 
dogsexamined. On the other hand, k Athens, which hk mlariyriy few 
of human risoetal XetshnMnmsts (abon^ a pt^tdarit^ ih v 

nearly a xnillion), Oasdmmitw ( 1 ^^ 13<8 per cent, of do|p kkct^v- t 
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It has been assumed that the canine and human diseases are identical, for 
the inoculation of the human parasite into dogs produces a disease indistinguish- 
able from that occurring naturally in these animals, but the clinical signs of 
the natural infection in dogs vary in different centres. In Italy ansemia and 
emaciation are the only signs so far recorded. In Greece, Blanc and Camino- 
petros have discovered that the canine disease is frequently accompanied by 
cutaneous ulcers.* In four dogs, two of which we infected by the inoculation 
of bone marrow from human cases in Italy and two from the above two dogs, 
no ulceration was observed during an observation period of 7 to 10 months. 

Jemma, di Cristina and Cannata (1910) in Palermo infected a dog with spleen 
juice of a human case and subsequently infected five other dogs from this 
animal. Ko cutaneous ulceration was recorded in any of the six animals 
during an observation period of 2 to 7 months. 

The discrepancy between the distribution of human and canine visceral 
Leishmaniasis in different foci has yet to be investigated experimentally. Its 
cause in our opinion is to be sought in differences in the bionomics of the insect 
vectors in Italian and Greek foci of the disease. 

Several important aspects of the epidemiology of the human disease in 
Italy have been investigated by the schools of Jemma in Palermo and Naples 
and of Longo in Catania. The disease is prevalent in the coastal region of 
Sicily and only a few sporadic cases have been found in the interior. It was 
established that the distribution of the disease is limited by altitude. Of 
1,424 cases collected by Paradiso in Sicily none occurred above an altitude of 
733 metres, and the large majority of cases occurred between sea level and 
214 metres above sea level. The city of Enna and the village of Cesato, 
1,100 metres above sea level, have no endemic infantile EalaAzar although they 
lie within an endemic area, Fittaluga (1926) records a similar limitation of 
distribution in Spain, where no cases have been recorded above an altitude of 
660 metres. In Catania Professor Longo and his colleagues have made a 
careful survey of the distribution of the disease, which was foimd to be confined 
almost entirely to the periphery of the town, while the thicMy populated centre 
is hardly affected. This peculiai’ity in the distribution has also been observed 
in Naples, Palermo and in the Spanish foci of the disease. House to house 
infections are not the rule ; although some streets are more heavily infected 
than others, there is usually an interval of 30 metres or more hetwem one case 

• Dr. L. Parrot, of the Paateur Inatitute, Alginn, informs us that in Algeria 70 to 76 

out, of all the dogs naturally infected with viaooral Leishmaniasis develop outaneons 
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and another. Family infections occur but are exceptional, and in some of the 
cases investigated it was possible to exclude infection by contact because of 
the long interval (3 years or more) between cases in the same family. The 
social status of the population appears to be of importance. The disease is 
commonest among the poorer rural or semi-rural population. Very few cases 
occur among the well-nourished children of the wealthier classes, who usually 
escape the disease even when residing in an endemic focus. 

The most striking character of Mediterranean Kala Azar, diSerentiating it 
from the Indian form of the disease, is its age distribution. The following table 
is compiled from data collected by Paradiso (1926) in Catania for the years 
1916-1925. 


Table I. 



1.6 

months. 

6 

months 
to 1 
yuar. 

1.2 

years. 

23 

years. 

3.4 

years. 

4.5 

years. 

a 0 

10-15 

yearn. 

Not 

stated. 

es 

147 11 ‘8 

1 ' ^ 

13-27 

48*74 

17*42 

8*15 

3 23 

3*23 

0*49 

6*48 


Total number of oases, 1,424. 

Total number of oases from Catania, 1,104. 


Da Capua (1926) gives similar statistics for Naples and the surrounding 
countryside. 

The following table is compiled from the data of Pittaluga for Spain for the 
years 1912-1924. 

Table II. 



Total number of omoi, 843. 


nre above figures axe in striking contrast to those collected by MoCombie 
Young (1924) for Assam for the year 1922 on the basis of the number of treated 
parents. 


2 I 2 
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Table III. 



Under 

1 year. 

yearn. 

6. 10 
yeaw. 

10-15 

yoan. 

i 

15-20 

years. 

20-50 

years. 

30-40 

years. 

i 

40-60 

years. 

Over 50 
years. 

Per cent, of caHes 

0 06 

S'59 

[ 20-5 ■ 

! _ 

20 2 1 

16 

1 1 

16 9 i 0'6 

1 

1 

2-9 

0-37 


Total number of casee, 17,724. 


Although the incidence of the disease in children up to 6 years of age is larger 
in Assam, the number of cases under 1 year is comparatively negligible as 
compared to Catania. 

In Sicily about 60 per cent, of all the cases occur in infants on the breast 
(among the poorer classes babies are breast-fed up to the age of two). The 
disease is rare in adults, from three to six cases annually being reported in 
Catania. Longo has suggested that Mediterranean adults are naturally immune 
to Leishmania infantum^ and Maggiore (1923) has failed to infect adults by the 
inoculation of infected bone marrow, but he also obtained negative results 
after inoculating four babies with infected bone marrow and three with cultures 
10 days old.* 

There are no direct observations on the incubation period. So far no records 
have appeared of cases which developed the disease after a short stay in an 
endemic centre. Cases frequently come for treatment a month or more after 
the appearance of symptoms. There are many cases in which the incubation 
period is about 6 months or less, for the disease is not rare in infants of that age. 
On the other hand, incubation periods of less than 3 months are exceptional, 
for cases are very rare in infants of 3 to 6 months. Throughout the whole 
literature of the subject only one case has been recorded in an infant of 1 month 
(Paradiso, 1926). 

The disease is prevalent throughout the whole year but in Catania is 
commonest in March and April. 

In striking contrast to Mediterranean Kala Asar, the disease in India is 
characterised by — 

(1) the frequency of family infections ; 

(2) the frequency of house-to-house infections ; 

(3) the shorter incubation period (10 days to 3 months) ; 

(4) the rarity of infections in infants under 1 year ; 

* ^iaggiore also obtained negative results after direct Inoculation of L. tropica from sores 
into three babies* In Jerusalem we infected five out of six adults with L, tropica by direct 
inoculation from human lesions. 
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(5) the heavier incidence of the disease during epidemics (up to 64 per cent, 
of the total population in an infected village (McCopibie Young, 1924) ). 

In the Mediterranean foci the cases are constantly present and there is an 
almost uniform annual incidence without marked epidemic increases. 

Points (1) and (2) clearly indicate differences in the bionomics of the vectors 
in India and the Mediterranean basin. 

Point (3) may depend on a number of factors which require further invests 
gation, racial differences in the human hosts, biological differences between 
L. donovani and L, infantum, or differences in the number of parasites inoculated 
during the act of transmission. 

Clinically the diseases are practically identical. Their pathology is also 
very similar, but there are more parasites in the circulating blood of oases in 
India than in Italy. 

This brief survey of the epidemiology of Mediterranean Kala Azar indicates 
that the transmission by the oral route can be practically excluded, for — 

(1) the disease is very rare in thickly populated urban slum districts where 
the conditions for transmission by contaminated food or water are 
ideal ; 

(2) it is common in breast-fed babies whose mothers are free from the 
disease. 

Direct contact cannot play an important role in the spread of the disease, for 
family infections are rare. 

The zoological relationsliip of Leishmnia infantum to the genus Leptomonas 
of insects, as well as the epidemiology of the disease, are both in accord with 
transmission by a biting insect and c^innot be fitted into any other mode of 
transmission. Although, as will be shown later, parasites can be demonstrated 
in the circulating blood of nearly all cases, they are sufficiently scarce to exclude 
mechanical transmission by insects through interrupted feeding. The 
relatively frequent occurrence of the disease in infants under 12 months indicates 
that transmission can occur in the absence of active interferenoe on the part 
of the vertebrate host, i.e., directly through the bite of an insect. The insect 
vector of Mediterranean Kala Azar must fulfil the following conditions : — 

(1) It must have a baoteriologically sterile intestinal tract, as Leishmania 
cannot survive in the presence of bacteria. The adults of all species 
ot sandflies hitherto investigated have a sterile alimentary tract. 
Accid^tal oontamination with bacteria is fatal to sandflies. 
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(2) Very small quantities of L. infantum should be able to produce an 
infection in the insect vector, because the number of parasites in the 
circulating blood is very sinalL 

The first condition excludes mosquitoes as possible vectors, for although 
under artificial laboratory conditions it is possible to breed mosquitoes with 
a sterile alimentary tract, in nature these insects generally harbour a rich 
intestinal flora. Bed bugs have been infected with both Leishmania donovani 
and Leishmania tropica, but they have already been excluded on experimental 
grounds as natural vectors of these parasites, and their bionomics are incom- 
patible with two important characteristics of Mediterranean Kala Azar, 
the rarity of family infections and the absence of house to house infectious, 
and moreover their distribution does not bear the slightest relationship to 
that of the disease. 

The work of the Indian Kala Azar Commission (1926 et seq.) on the develop- 
ment of L, donovani in Phlebolomus argentipes, of the Royal Society Com- 
mission (1926 et seq.) with P. chinensis, and the observations of Adler and 
Theodor (1925 et seq.) on the development of L, tropica in P, papatasii and P. 
sergenti naturally drew attention to the possibility of transmission of Mediter- 
ranean Kala Azar by sandflies. Sinton (1926) suggested P, pemmosus as a 
possible vector because it was at that time the only known Mediterranean 
sandfly belonging to the Major group which also contains P, argentipes. 
Subsequent investigations have revealed the presence of several species of 
the Major group in the Mediterranean basin. 

Adler and Theodor (1926) infected P. papatasii by feeding on cultures of L. 
infantum from various sources outside Italy. From July to September, 1929, 
the authors hod an opportunity of studying sandflies in Naples and Catania. 
The general conclusion reached was that the distribution of the disease was 
compatible with transmission by P. papatasii and P. pemiciosus. A quantita- 
tive study of the behaviour of Italian strains of L. infavdum in P. pa/paUisii 
showed that concentrations of 400 to 800 flagellates per centimetre produce 
practically no infection rate. With higher concentrations a number of infections 
was produced ; the flagellates tended to an anterior position and persisted 
throughout the whole life of the sandfly. Qualitatively the behaviour of 
cultures of a Leishmania sp. is a true index of the behaviour of L.D. bodies of 
the same species of Leishmania. Quantitatively it is difficult to compare titiem, 
but in the case of Zr. tropica of Palestinian origin small numbers of flagellates 
produce high infection rates in P. papaiasii. Since conoentratiQns of 400 to 
800 parasites per centimetre are never found in the circulating blood of infected 
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human beings, P. popatam can be practically excluded as a carrier of the 
disease in Italy. P. pemioiosus var. tobbi and P. major var. ayriams were 
infected by feeding on very small quantities of cultures of the Italian strains 
(1930). It therefore appeared that P. pernidosus would prove a more probable 
carrier than P. papalasii. 


616 . 929 . 3 

Investigations on Mediterranean Kola Azar. II. — Leishmania 

infantum. 

By S. Adleb and 0. Theodor. 

(Kala Azar Commission of the Royal Society.) 

(Communicated by H. H. Dale, Sec. E.S. — Received May 7, 1931.) 

[Pl,ATK 18.] 

The Leishman-Donovan bodies of L. infantum present no characters by which 
they can be distinguished from those of L. donovani, L. tropica or L. brasilietuia. 
In experimental animals they are either intracellular or lie in the fragments of 
dead cells. Individual L.-D. bodies may be distributed irregularly throughout 
the infected cells and their pseudopodia, each individual L.-D. body lying 
inside a definite vacuole, or they may be massed together in groups containing 
from 3 or 4 to 50 or 60 parasites. Each group of parasites is contained in a 
round or elliptical vacuole. In fixed or stained sections there is always a clear 
space between the wall of the vacuole and the periphery of the contained mass 
of parasites. These masses are formed by the ingestion of fragments of infected 
cells, for remnants of protoplasm of disintegrated cells can frequently be seen 
inside the vacuole. 

Presence of L.-D. Bodies in the Circulating Blood . — In Indian Kala Azar 
L.-D. bodies have often been demonstrated in the circulating blood. Patton 
(1914) showed their presence in 100 per cent, of a total of 84 cases by the 
examination of blood smears. Gannata (1914) demonstrated the presence of 
L.>D. bodies in eight oases of infantile Kala Azar, but only after prolonged 
examination of a number of films, whereas Patton had demonstrated the 
prescttoe of L.-!). bodies in 60 per cent, of lus Indian oases by the examination 
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of a Bingle film. Wenyon (1914) and Mayer and Werner (1914) among others 
demonstrated the presence of parasites in Indian Kala Azar by blood culture. 
The object of our researches was Jo determine roughly in how small a quantity 
of blood parasites could be detected. This is of obvious importance for any 
theory of insect transmission, as the infection of hasmatophagous insects from 
skin juices of human beings is hardly possible in Italy, where parasites have 
never been found in the skin. In a case of infantile Kala Azar acquired in 
Palestine it was found that cultures could be obtained by sowing 0*1 c.c. of 
blood on Locke-Blood-Agar. 

In the following experiments varying amounts of blood were sown on Locke- 


Blood-Agar. The medium contained : — 

Fresh rabbit blood 1 part. 

Agar (3 per cent.) 1 part. 

Locke solution (with 0*2 per cent, dextrose) 8 parts. 


Three tubes were sown from each c^ase (two with 0* 1 and one with 0*03 c.c. 
of venous blood) and in 5 cases 3 additional tubes were sown with 2, 5 and 10 
cmm. respectively. 

While working with L. tropica it was found that medium made up with whole 
blood gave far better results than medium made up with serum for obtaining 
a primary culture. After isolation on Locke-Blood-Agar cultures can be 
carried on indefinitely on Locke-Serum-Agar, on which medium the rate of 
growth and cultural peculiarities can be readily observed. 

Out of a total of 36 cases (34 examined in Italy during 1930 and 2 examined 
in Palestine during 1929) 33 gave positive blood cultures, t.e., 91*7 per cent. 
In 22 oases positive cultures were obtained from 0*03 c.c., in 3 cases from 6 cmm. 
and in one case from 2 cmm. of blood. Parasites could be demonstrated in 10 
to 30 days by direct culture from the blood, while cultures of bone marrow gave 
positive results in 7 days. 

DevelopmerU of L. infantum in vitro. — The development of L. infantum was 
studied in hanging drops. Small pieces of spleen of infected animals {Cricetus 
auratus and Microtus gUntheri) were placed in drops of Locke-Serum-Agar and 
kept at temperatures of 0°, 20®, 24® and 30® C. and observed daily. 

The L.-D. bodies enlarge and multiply inside the dead macrophage. The 
eosinophile vacuole enlarges and the protoplasm of the non-motile protozoon 
becomes vacuolated and distinctly basophil. After 24 hours at 20® C. to 24® C* 
the flagellum protudes slightly beyond the body, and a few parasites show a 
to-and-fro movement inside the dead macrophage, b^t nnpe apy 
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trifmalatoiy movement. Occasionally large abnormal forms with three or four 
nuclei and blepharoplasts are observed. After 2 days there are many active 
flagellates with a smaller cosinophile vacuole 
(fig. 1). Many flagellates, including some of 
the larger forms, are still enclosed in dead 
macrophages. After 3 days the large 
flagellates up to 24 (i are numerous. This 
course of development is not uniform, for 
even after 2 days many individuals have 
not yet developed flagella. At 30"" C. the 
development is more rapid. After 24 hours 
a number of parasites have flagella 2-3 {x 
long and a few are capable of translatory 
movement. After 48 hours many of the 
flagellates are 24 [x in lengtli. Cultures 
made directly from tissues lived for (> days 
at 30^^ C. Parallel observations were carried out with an Indian strain of 
£. donomni from the spleen of Cru^us aurcUm, At 20° C. active flagellates 
were not observed till the third day, but at higher temperatures the develop- 
ment was similar to that of £, infantum. The Indian strain died out on the 
third day at 30° C., but this is not a specific character, as Christophers, Shortt 
and Barraud found one Indian strain which lived for 8 days at 30° C. 

The Indian Kala Azar Commission (1926) classified the flagellates occurring 
in cultures into 6 types according to size. A strain of L. donomni from China 
isolated by the late Professor Young showed in culture forms up to 11*2 (x, 
the majority being in the neighbourhood of 5 (x. The organisms have either 
no flagella or flagella not more than 2 or 3 (x long. The culture therefore con- 
sists entirely of L.-D. bodies and type 2 of the Indian Commission, and no other 
types appear in cultures or in the stomach of P. papalasii infected by feeding 
on membranes. This strain when first isolated produced normal cultures, 
but during the time the strain has been in our laboratory it has produced only 
L.-D. bodies or flagellates with a stumpy flagellum. 

In the case of £. infantum from Catania all the types de8cril)6d by the Indian 
Oommlssion were found in the hanging drops, but the time of appearance of 
the various types was different. The Indian Commission found that all the 
types were present in a culture not earlier than the fifth day at a temperature 
of 22 to 24° 0. The Catania strams showed all the types after 48 hours at a 
tmperature of 24° C* and after 72 hours at 20° C. This may be due to essential 




\Ofj. 

Fig. 1. — Developmental forms of 
L. infantum in culture, o-c, 
28 hours old ; /-A, 48 hours 
old. 
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differences between the Indian and Sicilian strains or to the fact that our 
observations were made with material from heavily infected spleens of Crioetus 
auTotus and Microtus guntheri, whereas those of the Indian Commission were 
made with human material from spleen and liver pimctures. 

Patton and Hindle (1927) found that Chinese strains of L. dotwvani resisted 
an intermittent temperature of —6 to 12*^ C. for 10 days. Tubes of Locke- 
Serum-Agar were inoculated with Catania strains of L. infantum and kept on 
ice for 10 days, after which they were put in the incubator at 24° C. and grew 
out normally. After being kept for 7 days on ice, fragments of infected spleen 
gave normal cultures of flagellates at temperatures of 24 to 30° C, There 
was no growth under anaerobic conditions at 24° C., and inoculated tubes kept 
anaerobically for 10 days showed only a few degenerated flagellates with a 
waving flagellum. After being kept for 10 days anaerobically tubes produced 
normal cultures when placed at 24° C. under normal conditions. It is a matter 
of experience that subcultures are always obtained if the inoculum contains a 
few flagellates with a waving flagellum even if the body of the flagellates are 
vacuolated and granular. 

Serological Relations. — Using Noguchi’s method of culture on medium made 
up with immune rabbit serum the Catania strains were found to be indis- 
tinguishable from Indian strains of L, donovani and Tunis strains of L. infantum 
and L. canimt. All these strains produced many individual colonies on Locke- 
Serum-Agar made up with immune rabbit serum of Catania strains. 

Leishmania infantum in Experimental Animals. — Experunenta were 
carried out with geckoes, white mice, field mice (Microtus giintheri) and hamsters 
(Cricetus auratus and Cricetulu^ griseus). An extensive literature already 
exists on the infectivity of L. infantum for animals. The objects of our experi- 
ments were the conservation of the virus in animals and particularly the feeding 
of sandflies on infected hamsters. 

Geckoes. — Particular attention was paid to geckoes which have been suggested 
as possible reservoirs of human Leishmaniasis. Ed. and Et. Sergont, Lemaire 
and Senevet (1916) originally suggested them as reservoirs of L. tropica^ and 
later Wenyou (1928) considered the possibility of their acting as reservoirs 
of If. infantum. Young and Hertig (1927) succeeded in infecting Chinese 
hamsters by inoculation of cultures of L. tarentolce, the natural Leishnumia of 
T. mauretanicay and it was therefore considered essential to inquire into the 
possible r61e of geckoes as reservoirs of Mediterranean Kala Aaar* It should 
be noted that Hindle (1930) failed to infect Chinese hamsters with X. osmmo- 
dactgli and X. a^mesy and concluded that t^ere is no satisfactory eaqierimei^ 
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evidence connecting geckoes with human Leishmaniasis. Catania is particularly 
suitable for this investigation, for the gecko Tarentola mauretanica is very 
common on the outskirts of the town where human cases are most numerous. 

Fifty-one geckoes (49 T. mauretanica and 2 Hemidaotylus turcicits) captured 
near Kala Azar houses were examined. In each case the heart was punctured 
through the skin with a fine capillary and a few drops of blood removed and 
sown on two tubes of Locke-Blood-Agar. Nearly all the animals survived the 
operation after which they were placed in jars covered with sandfly-proof 
gauze. 

Cultures of Trypanosoma ptyodaciyli, Catouillard (1909) were obtained 
from 17 out of 49 specimens of T, mauretanica^ but all the geckoes were negative 
for Ldshmania. It was thought that the growth of Leishmania might be 
influenced unfavourably by the presence of T. ptyodactyli and tubes of Locke- 
Blood-Agar were repeatedly sown with both T. ptyodactyli and one of the follow- 
ing strains of Leishmania : L. tropica (Palestinian strain), L. infantum (hunoan 
strain from Catania), L, iarvntdw (Tunis strain which Young and Hertig found 
infective for hamsters) and L. canina (Tunis strain). In all cases the Leish- 
manias grew rapidly and produced rich cultures in 3 or 4 days, but very few 
trypanosomes were found. The above Leishmanias were also added to rich 
cultures of T, ptyodactyli with uniform results. The Leishmanias outgrew the 
Trypanosome and after 4 days only a few degenerating trypanosomes were 
found in a rich culture of Leishmania. 

Attempts to infect geckoes by the inoculation of L. infantum from cultures 
and from infected bone marrow also gave negative results. 

17.7.30. Two geckoes each inoculated intraperitoneally with 0*5 c.o, 
culture of L. infantum (11 days old). 

29.7.30. Cultures taken from hearths blood. Both negative for Leishmania. 
One gave a culture of T. ptyodactyli. 

29.7.30. Five geckoes inoculated each with 0*2 c.c. of bone maitow from a 
human case. The bone marrow showed an average of one L.-D. body per 20 
fields. The geckoes had been in the laboratory for 10 weeks. Three of them 
were positive for T. ptyodadyli. 

13.8.30. Cultures were taken from the heart’s blood. All were negative 
for Leishmania. One gecko from which a culture of T. ptyodactyli was obtained 

23.5.30, also proved negative for trypanosomes. 

The absence of Leishmania from geckoes in a district where both geckoes 
and human infections are common proves that the gecko is not a factor in the 
of the disease as it occurs in Italy. It is to be noted that in other 
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localities geckoes have been found infected with L, tareniolcB. In Biskra the 
Sergents (1915) found 26*6 per cent, of geckoes, T, mauretanicaj infected. In 
Tunis, Chatton and Blanc (1918) found 36-5 per cent, infected. It is significant 
that in Algeria and Tunis P, minutus is common. P. minuttis has not been found 
in Sicily, and it is tlxerefore poasible that this species will prove to be the carrier 
of L. taren(ola\ 

Mice, 

Expemmnt No, 1 — 

18.5.30. Four white mice inoculated intraperitoneally each with 0*6 
c.c. of culture (14 days old). 

31.5.30. Inoculation repeated. 

23.11.30. The animals died of a paratyphoid infection. Three were 
found to be infected with visceral Leishmaniasis, 

Experiment No, 2 — 

27.5.30. Four mice inoculated subcutaneously into the tail with culture 
16 days old. 

Result. — No lesions on the tail during observation period of 10 months. 

31 .3.31 . Spleen smears positive. 

Chinese Hamsters, Cricetulus griseus. 

Hamster No. 1 — 

13.5.30. Inoculated intraperitoneally with 0*5 c.c. of culture (12 days 
old). 

21.5.30. Inoculated intraperitoneally with 2 c.c. of culture, 9 days old. 

30.5.30. Inoculated intraperitoneally with 1*5 c.c. of culture, 30 days 
old. 

18.6.30. The skin was infected. There were no cutaneous 
ukjers. The joints of the legs were swollen for 4 to 5 weeks and 
then returned to normal. The pathological changes are described 
below. Died 15.12.30 as a result of accident. 

Hamster No. 2 — 

14.5.30. Inoculated intraperitoneally with 2 c.c, of infected bone 
marrow from four human cases. 

1 7.5.30. Inoculated intraperitoneally with 0 * 6 c.c. infected human bone 
marrow. 

21.5.30. Inoculated intraperitoneally with 0-5 c.c. of infected human 
bone marrow. 
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19.9.30. SandflioB P. pemicioms which fed on the animal were negative. 

6.10.30. Inoculated intraperitoneally with 0-5 c.c. of infected human 
bone marrow. 

9.10.30. Inoculated intraperitoneally with 1 c.c. of culture, 7 days old. 

1.12.30. Inoculated intraperitoneally with 0-6 c.c. of culture, 15 da}^ 
old. 

18.12.30. Inoculated intraperitoneally with 0-6 c.c. of culture, 15 
days old. Three weeks later blood culture was positive. 

Syrian Hamster, Cricetus auratus, Waterhouse. 

We are indebted to Mr. I. Aharoni, of the Department of Zoology' of the 
Hebrew University, for this valuable animal, which he obtained and bred while 
on a zoological expedition in Northern Syria. 

Mr. Aharoni gives the following details. One adult female and 12 young 
ones about 3 cm. in length were found on 12.4.30 2| metres below the surface 
of the ground. The young animals were raised on a meat diet. Towards the 
end of July they were brought to Jerusalem and placed on a diet of vegetables 
and milk on which they thrived. 18.8.30, the first litter was produced. The 
size of the litter varies from 6 to 10. In nature this animal has a very limited 
distribution in the neighbourhood of Aleppo. Contrary to other species of 
the genera Cricetus and Criedulm, the two sexes live together peacefully in 
captivity and they are therefore easy to breed. 

20.10.30. Three Immsters inoculated intraperitoneally with 1 c.c. 
culture, 14 days old. 

'24.10.30. Inoculated intraperitoneally with 1 c.c. culture, 18 days old. 

27.10.30. Inoculated intraperitoneally with 1 c.c. culture, 6 days old. 

31.10.30. Inoculated intraperitoneally with 1 c.c. culture, 6 days old. 

29.12.30. Partial splenectomy. Spleen smears showed a heavy 

infection in one animal and a slight infection in two animals. 

Mimtm guntheri. 

20.10.30 to 31.10.30. Two specimens received intraperitoneal injections 
as above. 

29.12.30. Partial splenectomy. Spleen smears showed a heavy 
infection in both animals. 
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Pathciogy of Leishmania infantum. 

- The pathology of L. donovan* infections in hamsters has been described in 
detail by Meleney (1925). Recently Hindle and Thomson (1928) have described 
the pathological changes caused by a Tunis strain of L. infatUttm in Chinese 
hamsters. The pathological changes produced by Catania strains of L. infantum 
in hamsters, Cric^idug grUeus and Cricetus auratus, in field mice, Microtus 
giintheri, and in white mice are radically different from those found by Hindle 
and Thomson. The latter observers foimd that after intraperitoneal and intra- 
testicular inoculation the course of infection with a Tunis stram is as follows. 
A visceral infection is produced, parasites are present in the lymphatic glands, 
liver, spleen and blood stream. After a time the visceral infection diminishes 
or disappears and the infection becomes localised in the tissues surrounding 
the distal joints of the legs, tail and testes. The visceral infection almost 
disappears within 15 weeks after inoculation. The skin is not infected except 
in the neighbourhood of the swollen joints and superficial ulcers. So different 
are the changes produced by the Tunis strain from those found in infections 
with L. donovani from China, that the authors suggested that the Chinese 
and Mediterranean strains may be sufficiently distinct to be regarded as different 
varieties, if not species. 

It may be remarked that periarthritic lesions and ulcerations in the neighbour- 
hood of mucous membranes are characteristic of L. tropica infections in nuoe 
following intraperitoneal injections, but in these animals there are also numerous 
parasites in the liver and spleen, and a visceral infection once established 
persists throughout the whole life of the animal. 

A Tunis strain of L. infantum was found to produce a high infection rate in 
P. papatasii even with concentrations of flagellates one-tenth of those required 
to produce a low infection rate in the case of L. infarUum of Italian origin. 
This Tunis strain resembles L. tre^pioa in its behaviour more than other struns 
of L. infantum hitherto investigated. 

In the case of Catania strains of L. infantum in Chinese hamsters, swellings 
of the joints of the hind legs were observed in one animal 5 weeks after inocula- 
tion, but these lasted only 4 weeks. Parasites were never found in smears 
of the peripheral blood ; a few parasites, however, were present in the blood 
stream, for a culture was obtained from the blood of one hamster 7 montibs 
after inoculation. 

In one animal the sldn became infected within 6 weeks after inocolation imd 
remained infected throughout its life. (The animal died 7 after 
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inoculation.) During this period there was no ulceration. Infected macro- 
phages were distributed throughout the whole skin and no part was fotuid 
free from infection. In addition the skin was infiltrated with plasma cells 
and lymphocytes. There was no ulceration on the tail or mucous membranes. 
In Cricettis aumtus the skin was found to bo infected 2 months after the first 
inoculation, and no ulceration was observed during an observation period of 
5 months. In Microlus guntheri the infection of the skin is slight even when 
the visceral infection is intense (after 2 or 3 months), and large areas of skin 
are entirely free from infection. In white mice no skin infection was found 
even when the liver and spleen were heavily infected. In no case were L.-D. 
bodies found in blood smears. 

Chatiges in the Viecera. Spleen . — In all the species the histological changes 
were similar and the following description is applicable to all In the case of 
Cricetus auraJtus a partial splenectomy was performed on 29.12.30 (2 months 
after the first inoculation) on three animals, a portion of the spleen was examined 
and the remainder of the spleen was removed 2 months later. In one animal 
the spleen contained numerous parasites 2 months after inoculation, and in 
the remaining two the infection was slight ; the spleen was equally enlarged 
in all three animals. Two months later the spleen was heavily infected in the 
two latter animals. Two specimens of Microtits guntheri showed numerous 
parasites in the spleen 2 months after inoculation. 

In Cricetus auratus the enlargement and tissue changes in the spleen are not 
necessarily dependent on the number of parasites present. The spleen may be 
markedly enlarged even when a few parasites are present. This point has some 
bearing on the pathological changes found in human beings who have relapsed 
after insufficient treatment. In these cases the spleen may be very large and 
the anssmia severe ; it may be necessary to do several spleen punctures before 
parasites are found. In such oases the prognosis is bad and the severity of the 
symptoms is proportional to the tissue changes, i.e., to the proliferation of 
macrophages rather than to the number of parasites in the body. In the 
earlier stages (after 2 months in Cricetus auratus) there is proliferation of 
reticuliun cells, increase in the number of histiocytes and a large number of 
lymphocytes and plasma cells in the red pulp ; the follicles are unchanged, but 
in later stages infected histiocytes also invade the foUioles which may become 
almost obliterated. Infected cells are occasionally observed to phagocytise 
lymphocytes, polymorphs and erythrocytes. As the infection progresses the 
number of infected cells and plasma cells in the red pulp increases. Enormous 
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: bodies, httt oooasionally panurites may be foimd in neolavphil polynunphs. 
Ibe distribution of parasites in lhe infected oelis has abeady been desmbed. 
masnia cells, lymphocytes uid infected macrophages from the red pulp enter 
tbe venous sinuses of the spleen. There is no evidence of destruction of L.-D. 
bodies either in the reticulum cells or in the histiocytes. The only cell in which 
destruction of L.-D. bodies may occur is the giant cell containing a number of 
nuclei near its periphery. These cells, which are formed by the fusion of 
infected cells, contain no L.-D. bodies in the centre and a varying number near 
the periphery in the neighbourhood of the nuclei. In heavily infected spleens 
of Cricetus auratus and Mierotus gimtheri every gradation can be found between 
giant cells with many L.-D. bodies in the peripheral zone and with few or none. 
This process can have only a s%ht effect on the course of the disease, for giant 
cells are not numerous in the spleen at the height of the infection. 

The extension of the infection in the spleen is due to the following factors 

(1) Proliferation of free histiocytes (round nucleus about 4 p) and reticulum 
cells (elliptical nucleus 6 to 8 p). 

(2) Infection through phagocytosis of fragments of infected cells and multi^ 
plication of the parasites. 

(3) Reticulum cells form direct communication with each other by means 
protoplasmic processes, and L.-D. bodies may be carried from one e<dl 
to another along fbese communications. In cultures of spleen tissue 
Fischer and Dolschansky (1929) have actually observed direct inter- 
change of cell contents by means of pseudopodia. 

In advanced infections the majority of the infected cells are free 
histiocytes. 


Liwr.—The most characteristic change in the liver is the proliferati<m of 
free histiocytes (many of them infected), lymphocytes and plamna cells rmind 
the interlobular veins. As the infection advances the lympho^^ become 
less, and the plasma cdls, more numerous. There is no infiltration round tiie . 
inttalobular veins (Plate 18, fig. 1). The Rupfer oeUs nuty contain numeioas 
jmraiites, and there is extensive proliferaticm df endothefial cefis^ b 
infected and non-infected in the capUlaries (Plate 18, fig. 2). It v intenwtihg 


to note that althon^^ in sections infected maotpidiages a|sd o^ 

were found inude theluterlobs^ vtins, titiy lirere^^^ 
boqruig intralpbidar' ve^. It is evident tiifd 
cefis £i^ the yarnus sittusm 
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or wander out among the parenchyma cells of tiie liver. Only a part of the 
infected cells in the oapUlariee come from the venous sinuses of the spleen, as 
spleneotomised white mice are susceptible to visceral Leishmaniasis (after 
intraperitoneai inoculation) and the Uver is infected as usual. Very few parasites 
were found in the hepatic cells proper. Meleney found numerous parasites in 
these cells in Chinese hamsters in which the infection was of much longer 
duration than in our animals. 

Lymphalic Glands. — The lymphatic tissue of the lymph glands may be 
almost entirely replaced by infected histiocytes and reticular cells. 

The bone fnarrow contains numerous infected cells. 

The adrenals are markedly enlarged (Plate 1 tS, figs. 3, 4). In Microttis guntheri 
they were thre<> times as big as nonnal. The eiJargement is confined entirely 
to the cortex and is due mainly to inenmse of the zona reticulata and hyper- 
trophy of its cells. Finger-like processes of the zona reticulata grow down 
through the zona fasciculata towards the medulla and some cells of the zona 
reticulata are almost in contact with the medulla. No parasites were found 
in the adrenals. 

The omentum contains a large number of infected histiocytes. 

As the infection advances infected histiocytes may invade any tissue, e,g,, 
in the Chin^ hamster No. 1 many infecte<l histiocytes were found among 
the cells of the heart muscle, kidney, small and large intestine, but in the 
Other animals in which the observation period was shorter these organs were 
not affected. 

From the above description it is evident that the course of infection of Catania 
strains of L. infantum in cucperimental animals is rather similar to that observed 
by Mokoiey in the case of Chinese strains of X. donovani. 

In two specimens of Crioetus auratus infected with a strain of X. donovani 
from India the course of infection and the tissue changes were similar to those 
described above. Two specimens of Microtus guntheri could not be' infected 
with the Indian virus, oven after repeated injections of large amounts of 
culture. 

EXPLANATION OF PLATE 18. 

Fia« l.--«^Ittfiltratlon round interlobular vein (a) in liver of Mierotns gUnOmi, No infihon^ 
tion mund intralobular (central) vein (Magn. 120 x .) 

Fio. 2.-4iifi2tratioa round inteiiobvdar vein in liver of Mierotus gilntkeri (a). OapUlaty 
stuffed wHhiideocted cells. (Maga.620 x.) 

Fxo. 3. — Admiml of nonnal fufi-grown (BSagn. 15 x,) 

Fio. 4. — ^Enlarged adrenal of MkrohugM^mri infected with X (Magn. 15 x .) 

Fxo. 5.--^43roup of fUgellates of X (a) among teet^ ol P. pemif ; 

eioms No. 578, 6 (Nagn. 500 X.) 
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Investigaiiotis on Mediterranean Kola Azar. III . — The Sandflies of 
the Mediierranean Basin. Distribution and Bionomics of Sand- 
flies in Catania and District. 

By 8. Adleb and 0. Theodor. 

(Kala Azar ComnuBaion of the Royal Society.) 

(Communicated by H. H. Dale, Sec. R.8. — ^Received May 7, 1931.) 

The diagnosis of preserved material is based on the characters of the pharynx, 
bucoal cavity and spermatheew in the female, the pharynx, buccal cavity and 
external genitalia in the male. As has been shown (1930) these ohazaeters 
are not only essential for specific diagnosis, but they also form the basis of a 
natural classification. In fresh material the granules of the accessory glands 
of the female genitalia are sometimes an aid to diagnosis. The two closely 
related species P. major and P. pemidosus can readily be distinguished by 
these granules. In the former they are very small and coccoid, in the latter 
they are larger and more elliptical in form. The males of the erect-haired group 
can be determined without difficulty. The females of closely related species 
of the Major group are occasionally difficult to determine, and minor characters 
have to be employed. External characters ate of little value for the diagnosis 
of living sandflies. In the case of the males, P. pvjpatam can be recognised by 
its relatively large external genitalia, and P. aergenti by its very short external 
genitalia. In the case of the females a few species, e.g., P. pemidosus and 
P. major, can be distinguished by their general appearance. Closely related 
species often differ widely in bionomics and it is essential to distinguish between 
them because in some cases they may differ in their capacity to transmit disease. 

The sandflies of the Old World fall into two main groups, those which contain 
a well-muked armature in the buccal cavity and those which do not. These 
correspond roughly to the reciunbent-haired and erect-haired groups of New* 
stead. The former group, i.e., the MimUw group, are imt oonoemed in the 
trans m ission of human disease, for they feed almost exclusively on lizards. 
The only two species of this group which ate known to feed on man are 
P. stSmelzi tmd P. babu, which have not been recorded from Mediterranean 
countries. Neverthiless, the species of the Mintitus group ate included in the 
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following list, for they are probably concerned in the transmiaaion of L. taren- 
tolcF in geckoes. 

P, papatasti, Soopoli, 1786. 

Distribution : Ubiquitous throughout the whole Mediterranean basin* 

P, sergenti, Parrot, 1917. 

Distribution : Algeria, Tunis, Spain, Sicily, Syria, 

P. pemidoms, Newstead, 1911. 

A full re-description of this species and a discussion of its nomenclature and 
its relation to other species have been published recently (1931). 

This sandfly has been recorded from Greece and Macedonia, but the identi- 
flcation is doubtful. We found no P. pemicios^is in material from Greece in 
the possession of the London School of Tropical Medicine and the British 
Museum of Natural History. It is probable that this species has been confused 
with another closely related species, P. fnacedonunia n.sp. and a race of 
P. chinensis. 

Distribution : Italy, Malta, France, Spain, Algeria, Tunis. 

P. pemicioms, var. tobbi, Adler and Theodor, 1930. 

Distribution ; North Palestine, Persia. 

P. langermiy Nitzulescu, 1930, and P. langeroni, var. longicuspis. 

Distribution : Tunis. 

P. veeuvianus, Adler and Theodor, 1931. 

Synonym ; P. larous8ei\ Longeron and Nitzulescu, 1931. 

This species was discovered in August, 1929, in Naples. In a re-examination 
of mateiial of the Paris Faculty of Medicine which originates from Bourg la 
Reine and Varennes, Nitzulescu found some specimens and described them 
under the name of P. laraussei. 

Distribution: Naples, France, 

P. ariady Tonnoir, 1921. 

This species was recently recorded from France (Saint Vallier^ Alpes mari- 
times) and re-described by Nitzulescu. 

Distribution : France, Spain, 

P. major y Annandale, 1910* 

Byn^ym : P. 

Tonnoir dsscilbed P* nsghotu$ from Albania and Dalmatia* Sinton considered 
it a synonyih of P. psmioioiuSy feoxn which, however, it can be readily 

2 Ki : 
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distinguished. A comparison of s|;)ecimens of P . major from India, Caucasus, 
Crimea and Italy with the types of /^ mufUctm showed that they are practically 
identical. There are a few slight differences in the palp formula, and the 
European form may he considered as a local race of P. aufjor. Measurements of 
the EurofK^an form have h(M*n given by Tonnoir and Nitziilescu. 

FmnaJr, 

Size: 2*2-:^ mm. 

Wings : Length, 2*5 mm. ; br<‘adth, 0*8 mm. ; wing index, a/p ~ 18. 

Palp formula: 1, 4, 2, 5. Helative length of segments: I, — 4-4, - 

4-8, 3-5,— 7. In the Indian form the palp fonimla is 1, 4, (3, 2), 5. 

In the four Indian specimens we examined tin* second segment is always 
a little longer than the third. Relative lengtli of segments in the 
Indian form : 1. 5*4. 5-2, — 3*5. 7. 

Antenna* : 3 > 4 4 5. 

Pharynx : (Fig. 1, h). In the posterior portion a system of teeth app(iaring 
in optical sei^tion as small points. The teeth are larger than those of 
P. perniciosm and extend very much further anteriorly. The pharynx 
is rather similar to that of P. wmymii, wdiich is c losely related to P. 
major. Laterally the te(*t}» appear as oblitjut? scales which extend lialf 
way up tin* pharynx. 

SpermathecH! : Consisting of 10-12 segments with a long proi:ess. The. 
ducts are rather wide at tin* base and Jiarrow markedly in the distal 
tliird. Those of P. pernwmsm and of known allied species are of 
unifomi width. 

Accessory glands : As pn^viousiy nuuitioued, the granules of the glands are 
very small and ccK^coid ; in P. pcrniciosuH they are mucli larger and 
elliptical. 

Th(^ legs of P. major are very long and give the insect a very charactiTLstic 
appearance l)y which it can he distinguished at sight from P. jkt- 
nkioms. P. ma jor is of light yellowish grey colour, very slender, stand- 
ing on relatively long legs, wliile P. perniciosm is blackish, much smaller 
and has short stout legs. 

Male, 

Size, wings, palps and anteima? as in the female. 

Pharynx : fSimilar to that of the female. Tlu^ teeth are much finer and do 
not extend as far anteriorly as in the female, but much more so than in 
P. fternieioffus. 
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Genitalia : (Fig, 2) Similar to those of the Indian form. The two median 
spines of tin* distal segment of the superior clasjier are situated near 
the junction of middle and apical third of the segment. In the Indian 
form they are slightly more distal, but this difference is not constant. 
In specimens from the Caucasus and the Crimea their position is the 
same as in the European form. The position of these spines and the 
palp formula are apparently (diaracters whujh vary in different local 
races. 

Distribution : Sicily, Dalmatia, Albania, Tyrol, Crete. 

P. nui jor, var. Hyriaeus, var, nov. 

Synonym : /^ major, Adler and Theodor, 1929. 

This species was previously considered to l)e identical with P. major, A 
comparison of material from Palestine and Syria with Indian and European 
specimens showed that there are ( onstant differences which justify the creation 
of a variety. 

Female, 

Size : 2-2 * 5 mm. 

Palp formula: I, 4, 2, 3, 5 Relative length of segments: 1. -4*2, — 
4*6, 3*3, 9, The second segment is always markedly shorter than 

the third. 

Antenna* : 3 ' 4 | 5. 

Pliarynx : The teeth are smaller than and do not extend as far anteriorly 
as in the tyja* form. The lateral teeth do not extend much further 
anteriorly than the median ones. The armature closely resembles 
that of P. 

Spermathecae-: The caiiHules are as in the ty])e form but the ducts are 
. uniformly narrow throughout tludr length. 

Male, 

Size, palps, ant(?nna^ as in the female. Pharynx similar to that of the female 
but the teeth are less developed. 

Genitalia : Similar to those of the type form. The two median spines on 
the distal segment of the superior clasper are situated very near the 
proximal one. 

The variety differs from the type form in its smaller size, the arrangement of 
the teeth in the pharynx aiid the position of the spines on the distal segment of 
the superior clasper. 

Distribution : Syria, Palestine. 
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P. macedaniciM sp.n. 

This species has been confused with P. pernidosm, to which it is closely 
related. 

Female. 

Size : 2 mm. 

Wings : liength, 1-9 mm. ; breadth, 0*6 mm. ; index, a/p = 1*7-1 nS. 

Palp formula : 1, 4, 2, 3, 5. Relative length of segment's: 1, 8*5,— 4, 

3, — 5. The fourth and fifth segment aie relatively shorter than tb<' 
corresponding segments in P. pemidoms. 

Antennae : 3 > 4 + 

Pharynx : (Fig. 1, u). Very similar to that of P. pernicimm. The teeth 
are arrangcxl in transverse parallel lines which are not as convex as in 
P. pemiciosm. They are larger than those of P. pemiciams and not 
as closely set. 

Spennathecas : As in P. pemiciosas with uniformly wide ducts. 

Male. 

Size, wings, palps and antennse as in the female. 

Genitalia : (Fig. 3), In general outline similar to those of P. pemiciosus. 
The two median spines on the distal segment of the superior clasper are 
situated rather near the proximal spine ; in P. pemidoKm they are 
half-way between proximal and terminal spines. 

Penis : The borders of the proximal two-thirds of the penis are almost 
parallel. The genital lilainents emerge at the junction of the middle 
and distal third. Beyond this point the penis has the form of a shallow 
blimt hook, convex dorsally. Near the distal end there are three to 
five small sharp processes. 

The female is very difficult to distinguish from P. peniicioetis. The male 
differs from other species in the shape of the penis and in the position of the 
median spines on the disted segment of the superior clasper. 

Distribution : Macedonia (Waterston), 4 9 f , 19 r? . 

P. mnaaniticus sp.n. 

Female. 

Size: 2*5 mm. 

Wings : Length, 2*6 mm. ; breadth, 0*7 mm. ; wing index, a/p = 2. 

Palp formula: 1, 4, 3, 2, 5, Relative length of segments: l,-~4*9, — 
4*7, -4, -10. 

Antennae : 3 > 4 -f 6. 
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Pharynx : (Fig. I, c). The armature consists of blunt broad teeth. The 
toothed area is roughly triangular. Tlie teeth point towards the middle 
of the posterior border. They are very similar to those of P, vemvwnm, 
but are smaller and less prominent. In optical section the median teeth 
appear as sc;ales while the lateral ones are wedge-shaped. 

Spemiatheca? : (Fig. 1, d). The spermathee^ arc tubular and have a rudi- 
mentary segmentation similar to those of P. chirierms and P, vesuvianus. 
The capsules are of uniform width and not spindle 8ha])ed as in 
P. They be>ar a very short process with small hairs ” pro- 

jecting slightly beyond the tip of the capsul(‘. 

Maie, 

Size and antenuff* as in the female. 

Wings narrower than in the female. Breadth, 0-5 mm. 

Palp formula: 1, 4, 2, 3, 5. Relative length of the segments: I,* - 
3 • 7, — 4 • 3,- 3 • 3, 7, The palp formula differs from that of the female 
in that the third segment is longer than the second, while in the 
female it is slightly shorter. 

Pharynx : Similar to that of female. 

Genitalia : (Fig. 4). Similar to those of P, major. The two median spines 
on the distal segment of the superior clasper stand near the proximal 
one. The penis is much shorter than the median appendage. It 
narrows towards the extremity and has a round tip. The inferior 
clasper is slightly longer than the proximal segment of the superior 
clasper. 

P. mmuiniikus is closely related to P. vemvianm, from which it differs in 
the size of the teeth in the pharynx and in the absence of a prominent pro- 
jection on the spermathecfie. It seemed doubtful whether the male and female 
des(jribed above could be included in the same species because of the different 
palp formulae, but since the pharynx, a much more important character, is 
similar in both sexes and shows features which distinguish it from other 
members of the Major group, it was thought justifiable to consider them as one 
species. 

Distribution : Palestine, Rosh Pinah, 2 ? ? , 2 cf Tel-Aviv, IS. Ben 
Shemen, 1 S. 

P. chinensisj Newstead. 

Synonym : P. major, var. MnmsU, Newstead, 1916. P. major, var. hngi- 
ductus, Parrot, 1928. 
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No other sandfly tends to form local races to the same extent as P, chinensis^ 
These races vary mainly in the shape of the penis and in the length of the 
genital filaments (fig. 5). 

p-ii^ 

Flu. 5. — Penis of various races of P. chinensis. (a) Svrian and Persian race ; (6) Chinese 
race ; (c) Jugoslavian and Palestinian race ; (d) Roumanian race (after Nitzulcscu). 

Four races exist in the Mediterranean basin : — 

(1) A race in Syria in which the penis is broad and bears a pronounced 
angular subterminal tul)ercle. The genital filaments are very long. 

(2) A fonn recorded from Jugoslavia and Macedonia in which the penis is 
thin and conical and the subterminal tubercle is small but well marked. 
The filaments are relatively short.. 

(3) A Roumanian form with long genital filaments and a flat tubercle more 

distant from the extremity than in the other forms. The penis resembles 
that of tlie Chinese form. 

(4) A dwarf fonn of the Jugoslavian race (2) confined to Galilee. 

P, minidm, Rondani. 1843. 

This species was originally recorded from Italy. Newstead recorded it 
from Malta. Sintoii examined Newstead’s specimens and found them to 
correspond to the re-description of P. minuius from Palestine (1925). P. 
minutm as described from Palestine was not found in Naples or Catania, and 
it is therefore probable that P. fHirrofi, var. italicus is really tin; same as 
P. minuttiSf Rondani. This point cannot be determined as Rondani’s types 
cannot be traced. Should P. parrotiy var. ilalkm prove to be a synonym 
of P. minuius, considerable changes in the nomenclature of the Mimtius 
group would be necessary. For the purpose of this paper the name P. mirnUuu 
ia used for the species described from Palestine. 

Distribution : Palestine, Malta, Algeria. 

P. parrotiy Adler and Theodor, 1927. 

Distribution : Algeria, Tunis, Spain. 
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P, parrotiy var. ilalvcfujn, Adler and Theodor, 1931. 
Distribution : Naples and environments, SusUy. 

P. afrioamis, Ncwstwl, 1912. 

Distribution : Palestine, East Afriea, 0on<?o. 

P. faUax, Parrot, 1921. 

Distribution : Algeria. 

P. palestinemis, Adler and Thetxlor, 1927. 
Distribution : Palestine and Persia. 


Key to the Sandflies of the Mediterranean Basin, 

1. Well-marked nrmat.ure an<l pigniente^l area in biieeal 2 

No armature in buccal cavuty ® 

2. Spermatheoa* tubular 3 

Spennatheco! capaulea with narrow ducts 5 

3. Teeth in buooal cavity {xjinted, median ones narrower than lat^eral oncx standing 

on an arc convex anteriorly P. minutus 

Teeth in buccal cavity all of equal size arrange<l in a straight line 4 

4. Number of teeth, rire. 70-80 P. jMirroti 

Number of teeth, circ. 50 P. purroti Ualicu$ 

5. Circ, 20 teeth in buccal (;avitv standing tm a straight line, capsules of spermathecfle 

almost spherical P. pnlestincnsis 

Circ. 40-50 teeth in buccal cavity standing on an arc? slightly convex anteriorly. 
SpermathecA) elongated capsules P. africamus 

6. Spermatheoa! completely segmented bearing a long pnxjcss distally. Teeth in phar3mx 

arranged in parallel rows of points 7 

Spermathecte completely segmented bearing a knob distally 10 

Spermatheo^e inoompletely segmented 11 

7. Toothed area in plmrynx not extending beyond jxniterior third 8 

Toothed area covering more than posterior third of pharynx, teeth laterally appearing 

as oblique sc;ales extending further anteriorly than the median ones 9 

S. Pro(?es8 at distal end of sperinathauce, short and thick. Segmentation irregular 

P, aria$i 

Process long and slender. Segmentation complete. Ducts uniformly wide. 

P, pemiciomst P. j>em\c%o9u$ var. totibi, P, macedonicu/f 
5). Ducts of spermatheco) uniformly narrow. Teeth in pharynx fine and extending 

slightly beyond posterior third P, major, var, eyriacuB 

Ducts of spcrmathecas wide at base, narrowing in terminal third. Teeth in pharynx 

ooaiser and occupy posterior half of pharynx P. major 

Spermatheoes consisting of 10-12 equal segments. Armature in pharynx appears tw* 

a network of lines J». papaUmi 

Spermathec^e consisting of 4-6 segments, distal segment larger than the rest. Teeth 
in pharynx very large with axis vertical P, Hrgenti 
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11. Toothed area in pharynx diatinotly triangular, teeth wedge shaped. Spermathec a^ 

spindle shaped P. chinensis 

Teeth blunt. Spennathecse broad at the end 12 


12. I'eeth in pharynx large. Bpermathi^se bearing a prominent knob distally 

P. veauvian m 

Teeth in pharynx smaller. Knob very small, projecting very slightly beyond distal 

end of spermathecte P. oanaaniticuA 

Tilt females of P. Jallax, P. langeroni and P. langeroni var. longicuapis are unknown. 


Males, 

I Four t hick spines on distal segment of superior clasjjer 2 

Five spines on distal segment of superior ohu^per H 

2. Armature in buccal cavity al>sent. Brush of hairs on proximal segment of superior 

olasper. Distal segment elliptical, 2 spines terminal, 2 at proximal third of 

segment P. sergenii 

Armature in buccal cavity prt‘sent. No brush on proximal segment of superior 
elasper. Distal segment cylindrical. Four spines terminal or 2 suh- terminal, a 
very thin anterior fifth spine present 3 

3. Penis pointed, conical P. africanus 

Penis, thick, finger-like 4 

A. Teeth in buccal cavity standing on an arc convex anteriorly 

Teeth very small and irregular, standing on a straight line P. parroii 

5. Distal segment of superior elasper 7-8 times as long as broad, fifth small spine sub- 

terminal P. faUax 

Distal segment of superior elasper 4 r» times as long as broad, small fifth spine near 
distal third of segment P. minutns 

6. Distal segment very long, 3 short spines terminal, 2 at distal third of segment. Median 

appimdage with 2 long procesai^s P. pa/palaaii 

Distal segment shorter. 2 long spines terminal, 3 long ones at about middle of seg- 
ment. Median ap^x^ndage simple 7 

7. Termination of p<mis bifid 8 

Termination of {>enis not bifid 11 

8. Both points of Jork suboqual. IVo medium spines on distal segment of superior 

olasper half way between proximal and terminal spines P. peraicioam 

One point of fork much brooder and longer than the other, 2 median spines very near 
proximal one P. pemicio&us, var. tobbi 

9. Penis with subtorminal tuliercde. Genital filaments emerging from tip. . . P. chinenais 
Genital filaments emerging at distal third of penis which ends in a long curved book 

with several small processes near distal end P. meusedonious 

Penis very long and slender with round tip without subterminol tubercle 10 

End of penis truncated and pointed 12 

10, Penis almost as long as median appendage. Teeth in pharynx appearing as rows 

of points 11 

Penis tapering towanls end, markedly shorter than medinn apf>endage. Teeth in 

phaiymx appearing as broad scales P, canaaniticua 

Penis short and broad with thick chib-Hhap<d extroinity P. ariasi 

11. Teeth extending almost half way up the pharynx P. major 

Toothed area occupying about posterior third of pharynx P, major ayriacxiH 
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12. Termmai pointed part of ponie short P. langermi 

Terminal |)ointed part of penis long P. langeroni tongicu8pi9 


The males of P. jHilestinenau and P. ve^viamts are not known. 

DistribxUim and Bumomics of Sandflies in Catanm and [Hstrict, 

Sandflies make their appearance in Catania towards the end of May or the 
beginning of June. In 1930 th(? sandfly season terminated about October 27* 
P. papdtmii and P. j)ernmosas were the first 8peci(»s to appear, and about a 
week lat(»r the other three specnes, P. nuijinr, P. sergenii and P. parroti var. 
italicfis were found. The comparative rarity of the three latter species makes 
it difficult to deteiTnine the exact date of their appearance. All the species 
are commonest at the periphery of the town in the vicinity of stables and gardens 
and very rare in the centre where there are no suitable brf^eding places. P. 
papatasii and P. perniciosus are the two commonest sandflies ; they are con- 
stantly present, but their relative frequency varies during the sandfly season. 
The distribution of these two species is not identical. While P. papaUmi 
is present throughout the whole sandfly area, the distribution of P. pemidams 
is irregular. In the same street one house may be infected with P. pemidoms 
and another entirely free, but all houses in the sandfly belt contain P. papaUmi. 
In forming an estimate of the relative frequency of these two species in a given 
locality the time of collecting and the stnicture of the house must be taken into 
account. From 7 a.m. to 11 a.m. all or nearly all the females of both species 
which fed in a room during the last 12 hours could be caught. In the afternoon 
most of the P, papaimii were still to he found in the room, while practically 
all the P. pernidoms were hidden in cracks in the same room or had left it for 
other suitable hiding places. In peasants' houses where the walls are irregular 
and contain deep cracks and the ceiling is made of disconnected beams or loose 
branches, P. pernidoms is difficult to find except in the evening when it comes 
out to feed. The following numbers of fed females roughly indicate the 
relative frequency of P. pernidoms during the sandfly season. 

Numbers of Fed Females of P. perniciosus Caught. 


June 2C0 

July 72 

August 130, of these about KX) were caught in the last 10 days of 

the month. 

September 340 

October 527 
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The numbers of the table refer only to fed females caught between 7 a.m. 
and 11 a.m. The relative frequency of P. pemiciosiUf can be gauged more 
accurately from the number of unfed females caught in the evenings. This 
sandfly begins to enter houses shortly after sunset. The males are the first 
to appear and are followed after an interval of about half-an-hour by the 
unfed females. P. major enters houses an hour or so after P. pemiciosus. 
Owing to the striking difference in the appearance of these two species there 
is no possibility of confusion between them. P. papaiasii and P. sergenti 
liegin to ent<*T houses 3 or 4 hours after P. ])erniciostis. By arranging the 
time of collecting at suitable hours during the evening it is possible to obtain 
a pure catch of unfed females of P. perniciosm. A house infected with P. 
perniciosm was selected in a suburb of Cattinia, and the number of unfed females 
caught in the evenings was noted during the whole sandfly season. 70 to 
80 per cent, of the sandflies caught in this house were P. perniciosm and the 
remainder consisted of P. papatmu, P. major, P. sergenti and a few P. parroti. 
The house containc*! one living room, which was also a public bar, and two bed- 
rooms. The walls and ceiling were smooth and whit(*waslHxl and nearly every 
sandfly could be obscitveil. Immediately after sunset the living room was 
illuminated by electric light, which was distinctly visible from a considerable 
distance and attracted unfed P. perfiicwsus wliich entt^red through the widely 
ojKm door. The females wliich entered up to 11 p.m. were caught in the 
evening, and those which fed after this tirnf^ were caught on the following 
morning. In the adjoining bedroom, which was n('arly always kept dark and 
where children were sleeping in tlie early hours of the evening, freshly fed females 
were caught soon after sunset. St^veral sandflies were captured while feefling 
on people out of doors. In a donkey stable in the same house no sandfliea 
could be found, probably because of the many cracks and holes in the walls. 
The average numbers of unfed females caught in one evening in this house was 
12 in June, 4 in July, 12 in the first half of August, 20 in the second half, 50 
in the first half of SeptemlKu*, 70 in the second half. P. pemidosus was formd 
to be most, frequent during the first 10 days of October. On October 8 over 
300 unfed females were observed in the living room. From the middle of 
October till October 25 the number of unfed P. perniciosm fell off rapidly 
from 20 per evening on the 15th to 3 on the 25th. 

The number of P. perniciosm found in different houses is variable. The 
miLyiiTiiim number found was in a Kala Azar house in Centuripe, 733 metres 
above sea level During the second half of September an average of about 400 
unfed females entered the house each evening. Although P. perniciosm is 
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constantly present throughout the whole sandfly season, there are occasional 
intervals of a few days during which unfed females are scarce, e.j., from 
September 10 to September 13 only 7 females per evening were caught, from 
September 22 to September 24 practically none were observed. The average 
number of unfed females per evening throughout the second half of September 
was 50 to 70. On rainy or windy evenings P, pernioiosus does not enter 
houses. 

P. pemiciosus is limited in its distribution by altitude. 

It was not found in Cesaro and Enna 1,100 metres alx^ve sea level, but was 
common in Centuripe 733 metres above sea level. P. papafndi, on the other 
hand, is numerous in both Enna and Cesaro. 

Feeding Habits. — ^Laboratory bred P. pemioiosm does not fee<l until 3 or 4 
days after hatching. This probably also applies to wild insects. P. per* 
nicioms immediately after hatching has a large reserve of fat which disappears 
in 2 or 3 days. The absence of a fat reserve in wild P. pemiciosus which come 
out to feed indicates that they are at least two days old. Before feeding the 
sandflies are rather phototropic, and on emerging from their hiding places 
make their way towards conveniently lighted rooms. Some of the insects do 
not enter houses but feed on human beings and possibly animals out of doors. 
Having entered a house the females do not necessarily feed at once ; some of 
the insects ait on walls for hours before fe(*ding. 

The act of feeding is divided into two parts, a preparatory interval during 
which the skin is pierced and the mouth parts adjusted, and a second part 
lasting about 1-2 minutes during which blood enters the food canal and the 
insect gradually gorges itself. In P. pemiciosus the preparatory interval lasts 
from ^ to 2^ minutes. In one instance a female was observed for 15 minutes 
with its proboscis in the skin without drawing blood. In the sandflies of the 
Major group, P. pemidosus, P. pemiciosus var. tobbi^ P. major var. syriaous 
and P. fnajor, contractions of the dilator muscles of the pharynx and buccal 
cavity and the consequent ingestion of fluid do not necessarily follow as a reflex 
after the activity of the piercing parts. It is possible to keep these aandflifw in 
the Hertig apparatus for half -an-hour, during which time the piercing organs are 
in constant activity, though fluid seldom enters the food canaL On the other 
hand, in P. papatasii the act of piercing is invariably followed by oontractioiis 
of the muscles of pharynx and buccal cavity and by the ingestion of fluid. 
Once the mouth parts are fixed in the skin, P, pemiciosus is not easily disturbed 
and can be crushed without difioulty by adults. The amount of blood ingested 
during a single full feed is variable, the average for P. pemiciosus being 0*166 
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cmm. ThiB was detenuiaod by dissectiog out the midgut of recently fed wild 
insects, emulsifying the total blood meal in 0 - 1 c.c. of citrate and counting the 
number of red cells in 1 cmui, of the emulsion in a haBmac 3 rtometer. Laboratory 
bred P. pemiciosus are usually larger than wild ones and take a correspondingly 
larger feed. The time of feeding for P. 'fiernUdoHm under natural conditions 
occurs between half-an-hour after sunset and the early hours of the morning. 
About half the females enter houses and feed afer 11 p.m. ; the number of 
unfed females caught m a suitable house between 8 and 11 p.m. is roughly 
equal to the niiraber of fed females caught in the same house at 7 a.m. next 
moniing. After feeding, P. pemiciosus hides in dark corners. Unh^ss the room 
in whicli it has fed is suitably dark the insects enter cracks in the walls or roof 
after daybreak, but if light is excluded they remain until noon. Very few 
females remain in the room 24 hours afttsr feeding. A few sandflies whose 
ovaries sliow that they have fed 2 or 3 days previously are occasionally found 
in houses but they are exceptional. 

No females of P. pemiciosus whose ovaries show development of 2 or more 
days after the last feed were found to contain frt^sh blood. It seems that this 
sandfly does not re-feed until it has laid a batch of eggs. The evidence for this 
is indirect but conclusive. Recently gorged sandflies having 1-4 ripe eggs in 
the abdomen were found, and since the number of eggs developed in P. per- 
nidosus varies from 14 to 70, the inference is that most of the eggs were laid 
before the insects re-fed. P. papatmii re-feeds evi^ry 2 -3 days irrespective of 
the conditions of the ovaries. 

P. pernidosm was observed to feed on mammals only. No specimens out 
of 751 dissected were found with nucleated red cells in the stomach. It prefers 
mules and cows to imm, and the latter to hamsters and mice. If a stable 
adjoins a sleeping room, the majority of recently gorged females are found in 
the stable. 

Unfed P. pernidosm lives up to 5 days in tlie laboratory. Only from 0 to 
16 per cent, of the laboratory bred females fed, although they were offered a 
feed daily during the whole of their life. In the case*, of wild unfed females up 
to 60 per cent, feed if they are offered a feed on the evening of their capture. 
If they are not allowed to feed on the same evening the majority do not feed 
at all In the case of P. papatasii, 30 per cent, of females feed on the first day, 
50 per cent, on the second day after hatching, 10 per cent, on the third day, 
6 per cent, after the third day, and 5 per cent, do not feed at all. If they ate 
not allowed to feed one day, they feed more avidly on the following day. 

Breeding. — ^Breeding was carried out in small porous earthenware vessels. 
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The veaecls were placed on soft earth and the moisture was adjusted empirically 
by adding water to the earth until no more was absorbed. Soon after the first 
stage larvsB hatched, food (a mixture of one part of dry rabbit faeces and two 
parts of sieved earth or a mixture of earth and dried blood and rabbit faeces) 
was added. Once the larvae hatched there was no difficulty in rearing them up 
to the imago. Under laboratory conditions some females died without laying 
eggs and many died after laying only a part of their eggs ; very few laid all 
their eggs. In no case did a sandfly survive after laying aU or a part of its 
eggs in the laboratory. In nature, as previously stated, P. pernidosus lays all 
or nearly all of its eggs and then redeeds. Roubaud (1927) also found that 
under laboratory conditions very few females of P. pemiciosus survive after 
laying eggs. Under natural conditions P. pemidosus was found to enter 
stables and liidi* in deep cracks in the walls within 24 hours after a feed. These 
are probably their breeding for young unfed females were found in the 

stable, and fed females were found entering holes in the same stable. The 
exact conditions imder which all the eggs are laid and the sandflies survive have 
yet to be determined. Tin*, full cycle from egg to imago in P. pemidosus lasts 
about 5 W(».ek8 at a temperature of 28'" to C. Like all sandflies whose life 
history has been studied, P. pemidosus hibernati»8 as fourth stage larva. 

Hibernation starts as early as the end of August. Out of a batch of 30 eggs 
laid by a single female on August 26, 1930, all developed into fourth stage 
larvie. On October 23 they were taken alx>ard ship and transported to Palestine. 
From October 27 they were kept in an incubator at a tem{)eraturo of "50" C. 
Between Novend^er 12, 1930 anfl December 14, 1930, 28 larva? pupated and 
hatclied, but two hibernated in spite of the temperature of 3(1^ V. They 
remained fourth stage larvas up to March 16, 1931, when they were found dead. 
In the la)dng8 of sandflies caught from September onwards the percentage of 
hibernating fourth stfigc? larva? increased up to 90 per cent, in some brooils, 
although they were kept at a temperature of 30" C. for 14 weeks. Some larva? 
were kept at 30" C. and others at a room temperature of 5" to 18" C. A tempera- 
ture of 30" C., the optimum for the development of eggs laid in July, has a 
deleterious effect on the hibernating larvae. At this temperature a few pupate, 
but about a third of pupas die, and the mortality in the remaining larvae is 
from 70 to 90 per cent. On the other band, hibernating larvae kept at a tempera- 
ture of 5" to 18" C. and protected from rain and wind have a mortality of about 
10 per cent. only. After 2 months at this temperature some were placed on a 
temperature of 30" C. and within 10 days a considerable number pupated. 
Hibernation appears to be a cyclical phenomenon appearing every three or 
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four generations even when the eggs and all the larval stages are kept at 
temperatures approaching 30® C. Whatever its origin, it is no longer merely 
an adaptation to low temperatures but an essential part of the life cycle of 
P. pernixdosus. The hibernation of P. peniiciosus is in many respects similar 
to that of P. jHipatasii as determined by Roubaud, who assumed that at low 
temperatures the hibernating lar^ a? whose rate of metabolism is low are able 
to excrete the excess of urates. 

Roubaud (1927), working with P. pemidosus from Tunis, found that there 
was no hibernation at a temperature of 30® C. It remains to be determined 
whether this is due to climatic factors, to racial differences iuvolving differences 
in metabolism between the sandflies of Tunis and Sicily, or to some other 
causes. It is to be noted that, contrary to our experience with P. pemidosus 
from Catania, Roubaud found that the Tunisian specimens feed readily on 
laboratory animals. 

The relatively small number of P. pemidosus cauglit in June, as compared to 
the large numbers of sandflies observed in September and October, indicates a 
large mortality among the hibernating larv® under natural conditions. The 
scarcity of P. pemidosus in July, when the insect is much rarer than ixx June, 
shows that there is a high mortality among the eggs or young larvm during the 
latter month. 

Meteorological Conditions in relatiofi to Safidjlies, — The rainfall in Catania 
averages 638 mm, per annum, of whicli 3 per cent, falls during the sandfly 
season. When sandflies first apjxjar the medium day temperature is about 
20® C. From the middle of July to the end of August, when the conditions for 
P. pemidosus were favourable for completing the full cycle from egg to imago, 
the medium temperature in the shade varies from 29® to 30® C., the maximum 
from 29*6® to 34® C., the minimum being almost constantly at 24® C. During 
June, when the mortality of the eggs or young larvae is high, the conditions 
appear to differ from the natural optimiun only in temperature, the medium 
day temperature being 24® to 26® C., the maximum varying fiom 28® to 30® C., 
and the minimum from 19*2® to 20-4® C. The relative humidity is fairly 
constant throughout the whole* sandfly season. Climatic conditions are not 
sufficient to account for the phenomenon of hibernation in P, pemidosus. 
Fourth stage larvaa hibernate in the laboratory where they are protected from 
the action of rain and kept at constant temperature and humidity. During 
September, when a large percentage of fourth stage larvas hibernate, the tempera- 
ture is about the same or a little higher than in June when no hibernation takes 
place. During the period of hibernation the surviving larvss experience a 
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changing temperature which falls to C. (the lowest in February) and which 
varies from 3-4^ to 27-3'^ C. Raising the temperature alone is not sufficient 
to prevent or change the phenomenon, wliich persists for montlis in the incubator 
at a temperature of 30"' C. 

P. major. 

This species is present throughout the whole sandfly season, but is commonest 
in June and July. Of a ti^tal of 222 gorged females, 154 were caught in June, 
53 in July and 15 in the remainder of the season. Its distribution in Catania 
is very irregular. It is rare in most parts of the town and common in two 
quarters (Nesima and Via Palermo). In Nesima it is the commonest of all 
sandflies at the end of Jmie and beginning of July. During this period 50-100 
unfed female>s could be seen in a room every evening. No specimens were 
observed in Centuripe where P. jx^nicwsus is comition. P. nuijor enters 
houses a few hours after sunset. A few females were observed to feed out of 
doors. As in the case of P. perniciosus. the females follow the male.s by a short 
inkuval. The unfed female is the most photr)tropic of all sandflies and settles 
in large numbers round lamps and occasionally even on electric torches. Almost 
immediately afU^r feeding the female becomes extremely photophobic and hides 
in the nearest dark corner. This sandfly is very difficult to manipuhitc in the 
laboratory. Breeding experiments gave very poor results and the majority 
of females refused to lay eggs in the lalioratory. Very few imfed wild females 
fed in the laboratory, although they feed readily under natural conditions. 

P. sergenti. 

Out of a total of 100 gorged females, 62 were caught in July. The distribution 
of this sandfly in Catania is irregular. It is common in a few streets only. 
The bionomics of this species have been discussed elsewhere. 

P. parroti var. italictis. 

Only 20 females were caught. No particular attention was paid to the 
bionomics of this sjxicies which feeds on lizards and, as far as our observations 
during 1929 and 1930 go, never on man. 
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Investigations on Mediterranean Kaki Azar, IV. — Infection of 
Samljlies with Lcnshrnania infantum. Natural Parasites of 
Wild Sandflies in Catania, Observations on Trypanosoma 
pt y oda(?t yl i CatouiUard. 

By S. Adler and O. Tueodoh. 

(Kala Azar Commission of the Koval Society.) 

(( Vaninunicated by H. H. Dale, Sec. R.S. — Received May 7, 1931.) 

Three methods of infecting sandflies with />. infantum were employed : — 

(1 ) Feeding on cultures or on infected bone marrow through sterile membranes 
of skin. The method has been previously destrribed. 

(2) Feeding on human cases. 

(3) Feeding on infected hamsters. 

Tlie first, method has the advantage that the results have a quantitative as 
well as a qualitative significance. The behaviour of cultures of i. infantum 
(from Italy) in P. jmpatasii has already been recorded (1031). Further work 
was carried out with infected bone marrow. In Professor Longo’s clinic in 
Catania puiudure of the spleen is avoi<ied and the diagnosis of L, infantum in 
children is established by examining the bone marrow. The top of the tibia 
is pimctured with a special needle, a few drops of bone marrow are removed 
and smears made. In some cases bone marrow (from 0*5 to 2 c.c.) was drawn 
into a syringe, and 0*5 c.c. were placed in the feeding apparatus into which 
sandfli^ had been previously introduced. P. papatasii feeds readily through 
membranes, while P, sergenti and P. nwjar feed rarely and P. pernidosus does 
not feed at all by this method. 

In 11 experiments carried out between June 4, 1930, and July 26, 1930, a 
total of 152 females of P. papatasii fed on infected human bone marrow. The 
sandflies were dissected at intervals of 1 to 7 days after the feed. In six 
experiments in which 10, 10, 3, 33, 1 and 12 sandflies fed, none were positive. 
In these experiments the smears of bone marrow showed L.-D. bodies from 
1 per field to 1 per 40 fields (magn. 9(W x ). In five other experiments the 
numbers of sandflies positive were 3 out of 11, I out of 4, 3 out of 14, 4 out of 
39, and 2 out of 13. In these experiments the concentrations of parasites 

2 L 2 
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varied from 1 ia 20 fields to 7 to a field. Even in the latter concentration the 
infection rate was only 3 out of 11. It is assumed that the L.*D. bodies in 
the bone marrow correspond in every way to those in the circulating blood, for 
there is no evidence to the contrary and cultures made from the bone marrow 
resemble those taken from the blood in all details except that in the former, 
the fiagellates appear earlier in cidture because of the larger number of parasites 
mseminated. The positive sandflies were dissected from 2 to 6 days after 
the uifecting feed. The results of the dissection are shown in Table I. 

Table I. — Feeding of P. jxijHttam on Bone Marrow. 


Sandfly 

Date of 

: Date 

lioeult. 

No. I 

food. 

; (liasectod. 

13 

7.fi.30 

1 10,6.30 

Ijong iiKitiimlesB flagellates in stomach. 

18 

7.(i.30 

' 12.6.30 

Heavy infection. Short flagellates attached in oardia. Long 
tlagollates in stomach. 

21 i 

7.6,30 

13,6,30 

Heavy infection. Moss of long free flagellates in lower part. 


of oardia. A few att 4 hched in upper part. A few free in 
Mtomach. 


26 

12.6.30 

16.6.30 ' Heavy infection. Many free parasites from middle of oardia 
to the stomac^h. Few in hiudgut. 

60 

3.7.30 

6.7.30 ; Moderate infection. Long flagellates attached in oardia and 
free in stomaoh. 

: 

61 

3.7.30 

6.7.30 : Heavy iofeotion of long flageUatee in stomach. A few attached 
in cardia. 

62 

3.7.30 

7.7.30 Few long flagellates in stomach, many in cardia. 

106 

6.7.30 

9.7.30 Slight infection of long flagellates in oardia and stomaoh, few 
attached in cardia. 

113 

C.7.30 ; 

i 

1 ! 

10.7.,30 Moderate infection in stomach, a mass of long flagellates 
attached in cardia. 

122 1 

t 6.7.30 ! 

j 

10.7.30 < MasH of long fiagellates attached in cardia. A few free forms 

I in stomaoh. 

126 

5.7.30 ! 

! 11.7.30 Slight infection. A few long flagellates attached to top of 
cardia. A few free forms in stomach. 

127 

9.7.30 

11.7.30 i Many long flagellates attached in cardia. Few free in 
Htomaoh. 

126 

9.7.30 

I 11.7.30 Few free flagellates in stomach. 

i 
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Table II. — Feeding Experiments on Human Beings. 


Case 

Date of 

"l” 

1 

1 

Blood 

No. of sandflies | 
fed. j 

j No. 

Eemarks. 

No. 

feed. 

culture. 1 

i 

1 1 positive. 

Papa' Pemi* | 

1 1 

42 

2.7.30 

-h with 

30 cm. 

11 

Fed on deflbrinated blood through a 
membrane. Dissected after 3-9 

d avM . All negaii ve . 

35* 

6.7.80 

-f with 

30 cm. 

13 

Dissected after 2-6 days. AH nega- 
tive. liolapwe case tartar emetic 

rCHIStAHt. 

35 

0.7.30 

4- with 

30 cm. 


Dissectetl after 1 -6 days. All nega- 
tive. 

44* 

10.7.30 

Negative 

34 

Dissected after 1-14 days. All nega- 
tive. Relapse case tartar emetic 
resistant. 

67 

7.8.30 

-f- with 

30 cm. 


Dissected after 2-8 d.avH. AU nega- 
tive. 2 P. ftergenti dissectod after 
7-S dnys also negative. 

69 

12.8.30 

-f with 

2 om. 


Dissected after 4-8 days. All nega- 
tive. 

69 j 

14.8.30 

"f with 

10 

Dissected after 5-6 daj^. 1 P, ««r- 
getUi disHOcted after 5 days, negative. 

69 

15.8.30 ; 

4- 'vith 

2 cm. 

10 

Dissocted after 4-7 days. All negu^ 
tive. 

78 ! 

5.9.30 i 

Not taken 

28 

Dissected after 2-9 days. All negative. 

78 1 

10.9.30 i 

Not taken 


Dissected after 2-6 days. One after 
4 days positive. SUght infection. 
Flagollates attached to top of oardia. 

78 ! 

16.9.30 1 

Not taken 


Dissected after 4 days. One positive. 
Moderate infection. Long flagellates 
mostly in cardia. Saadfliee fed 1 
week after injection of tartar emetic. 

86 1 

19.9.30 : 

Not taken 


Dissected after 4-6 days. All negative. 

88 ; 

f 

20,9.30 1 

1 

Not taken 


Dissected after 4 days. All negative. 

88 1 

i. 

23.0.30 1 

i. 

Not taken 

1 

Disf»ected after 3-4 days. Tn one stiubi 
infection. Long forms in oardia. 
none in stomach. 


88 : 38.8.30 j Not Ukon ; 6 | — i Dtaiwoted after 6 dajn. All negative. 

I 1 major | 


* la whioh ralaiMM after treatment with tartar emetic, paraniteB in the spleen and bone 
marrow are usually rery scanty. 
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Table II. — continued. 


1 


Case I Date of j Blood 
No. ! feed, j cult.iin>. 


90 1.10,30 I Not taken 


No. of sandflies 
fed. 


Papa- 

Itwii. 


Pomi- 

ciosiis. 


No. 

p<isiiivo. 


Remarks. 


One dissected after 0 days, poaitive. 
Heavy infection of lon^ forms in 
stomach and cardia. Many attached 
in cardia. Biwiteria irv inidgnt which 
wore probably the canso of death. 
The midgut was kept in saline for 6 
hours during which the flagellates 
were completely lysed. 


Fecdimj Ej’jterimenls on Hamsters. 

The exjHirimeuts were carried out between June 18, 1930, and October 22, 
1930. The fed sandflies wore kept at laboratory temperature. Tin* 
P. papafusit used in the experitnents were mainly laboratory bred. The 
P. pernieiosus were mainly wild and unfed and a few were laboratory bred. 
Wild sandflies had to be used because only few lal)oratory bred P. pemiciosus 
fed on hamsters. The P. major and P. sergenti were all wild specimens 
without blood in their stomach. 

Two Chinese hamsters were used for the experiments, one inoculated with 
cultures (hamster No. 1) and the other with bone marrow and cultures 
(hamster No. 2). 

P. papalasii . — One hundred and ninety-.seven sandflif?s fed on hamster No. 1 
and were dissected from 1 to 8 days after feeding. Of these seven dissected 
from 3 to 8 days after the infecting feed were positive, t.c., the infection rate 
was 3*6 per cent. Forty sandflies fed on hamster No. 2. All were negative. 

P. sergerUi . — ^Eleven sandflies fed on hamster No. 1 and w^ere dissected from 
1 to G days after feeding. All were negative. 

P. pernidosua , — Eight sandflies fed on hamster No. 2 and were dissected 
from 2 to 4 days after the feed. All were negative. 

Three hundred and forty-one fed on hamster No. 1 and were dissected from 
1 to 13 days after the feed. Three hundred and thirty sandflies were found 
positive, i.e., an infection rate of 96*8 per cent. 

The behaviour of L. infantum in P. pernidosus was studied by fresh dis- 
sections and serial sections of whole sandflies or their heads. The sandflies 
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Table III. —Infection of P. papatadi on Hamster No. 1. 


Sandfly 
xVr>. ■ 

Dato of 
food. 

i Date i 

Reault. 

122 

1 ai.7.ao 

4.8.30 1 27-20" C. 

Heavy infection from top of cardia to hindgut. 
Long flagellates, many attached to cardia. 

17H 

j 

IH.8.30 ; 27-au (•. 

Heavy infection. Cardia choked with flagel- 
lates. 

I8l 


15.8.30 27-30" C. 

Mode rale infection in stomach and cardia. 
Flagellates nearly all free. Medium and 
short forms. 

425 

la.ii.ao 

15.9.30 25-30 C. 

Heavy infection in stomac^h, cardia and a»o- 
phageal diverticulum. 


H.IO.aM 

17.10.30 18 24 M:. : 

Infection in cardia, stomach and hindgut. 

Tail 


24.10.30 18 24 (’. 

Heavy inff3Ction. Carrlia choked with flagel- 
lates, mainly long forms. Some short forms 
pntsent in cardia. 

7K» 

lo.io.ao 

24.10.30 18 24 C. 

1 ; 

Heavy infection. Cardia choked with long 
flagenate.s. 


used for sectioning were fixed in 70 per cent, alcohol. In freshly dissected 
specimens it is usually impossible to study the flagellates in the buccal cavity 
and pharynx, unless these are dissected out of the he.ad. The description of 
the behaviour of flagellates in these parts is therefore based on serial sections 
stained with Mayer’s luemalum or Heidenluiin’s iron haematoxylin. 

In the laboratory the infected sandflies were kept at a temperature of 22* 
to 30’ 6° C. At a temperature of 27* to 30° C. there was already a heavy 
infection in the midgut and cardia after 2 days. There were many long flagel- 
lates in the cardia and some were attached to the rhabdorium. Three daj^ 
after feeding the oesophagus was also infect<‘d. In the majority of the freshly 
disseoted sandflies the infection was found in the midgut and the oesophagus, 
but when the infection was very heavy the hindgut and rectum were also 
swarming with long flagellates. 

Types of Flagdlates. 

Both in P. pemioiosus and P. major infected on hamsters, and in P. papatam 
infected on human bone marrow or hamsters, the following types of flagellates 


were seen 
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(1) Short, thick flagellates 8 to 11 |x long and about 5 fx wide with the 
flagellum rudimentary or relatively long. The^ie are often seen in 
division (fig. 1, a-c). 

(2) Flagellates from 13 to 21 jx long and up to 2*5 [x wide. This type also 
has many dividing forms (fig. 1, d~/). 

(3) Long flagellate from 22 to 30*5 ^ long and 0*8 to 1-5 fx broad. The 
flagellum is usually about half the length of the body or less, but some 
are found in which the flagellum is as long as the body. In sandflies 
dissected 2 to days after a feed these forms are the most numerous 
(fig. 1, g-i). 

(4) Very short flagellates from 4 7 to 10 p. in length and up to 1 (x broad. 
The flagellum is usually longer than the body (fig. 1, h--T). 



Fio. 1. — ^Developmental forms of L, infantum in sandflies, a-e, type 1 ; </-/» type 2 ; 
g-ij type 3 ; type 4 ; h-o, from oardia of sandflies 4-12 days* development ; 
p-r, from proboscis of living sandflies in Hertig apparatns. 


These forms (4) are typical of late infections in P. perniciosus. They appear 
as early as 4 days after the infecting feed at 27° to 30° C. and after 6 days at 
temperatures less than 25° C. These small forms first appear in the upper 
part of the cardia in the neighbourhood of the (josophagoal valvt*. Their 
small size, their position and their behaviour in the freshly dissected sandfly 
are very characteristic. They have a very marked tendency to move anteriorly 
in the sandfly and often swim out from a choked cardia in large numbers 
before the stomach is subjected to the pressure of the coverslip. In freshly 
dissected specimens they are found only in the cardia, particularly in the 
upper part, and never in the stomach. It was not possible to trace transition 
forms between these flagellates and others, although in the late stages of 
infection in tlu^ sandfly there is a tendency for all the flagellates to be shorter 
than in the first 4 to 6 days of the infection. It should bo noted that the small 
flagellates do not appear in all the infected sandflies. As in the case of 
L, tropica in P. papatasii, several sandflies were found in which the oardia was 
choked with flagellates, although the stomach contained few or none. 

It is evident from the above description that in P. peffUdosuB, L. imfainiiufft 
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undergoes a definite cycle in which fairly definite morphological forms follow 
in regular order. The short forms with long flagella are the end point of this 
cycle in the sandfly, and under natural conditions these are the most likely 
to enter a vertebrate host. It remains to be determined whether they are 
more infective than the other types of flagellates. 

Course of Infection in the Chitinous Paris. 

The sections show that : — 

(1) After 3 days at a temperature of 2T to 30 " C. the pharynx may be packed 
with flagellates. 

(2) After 4 days the posterior part of the buccal cavit)' is affected. 

(3) After 5 days the infection may extend up to the anterior end of the buccal 

cavity. 

At lower temperatures {22 •Tf to 26*5'^ C.) the whole of tiui pharjnix may be 
invaded after 4 days and the buccal cavity after 5 days. There arc slight 
differences in individual sandflies and in some the buccal cavity is not invaded 
even after 6 days. 

The flagellates may fill the whole lumen of the pharynx but in the buccal 
cavity they are usually confined to the roof, which is formed by tlio junction 
of the two lateral plates. 

The proboscis is invaded after the fifth day and flagellates may reach almost 
to the tip of the proboscis on the sixth day. They are confined entirely to the 
inferior surface of the epipliarynx. Large numbers of flagellates may lie 
along the whole inferior surfac?e of the ej)ipharynx or individuals and small 
groups may be disposed at irregular intervals. Flagellatos of tj’pea 3 and 4 
are found in the pharynx ; in the bucc^al ca\'ity and proboscis only type 4 
is found. 

Although in general outlines the development of L. infantum in P. pemiciosus 
is similar to that of L. donovani in P. argerUipe^ and P. chinensis, there are some 
differences in details. In no other sandfly have such large flagellates been 
observed. Owing to the kindneas of Dr. E. Hindle, smears of i. donmmii 
from P. chinensis were examined and the largest forms found were 23 p. In 
P. papatasii flagellates of L. tropica attain the size of 27 p. 

The rate of development is more rapid in P. pemiciosus than in P. argentipes 
or P. chinerms. In the latter flagellates reach the pharynx and buccal cavity 
after 6 days. In P. argentipes, according to Shortt (1929), the flagellates reach 
the jimotion of pharynx and buccal cavity on the seventh day and the anterior 
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end of the buccal cavity on the eighth to tenth day. The most anteriorly 
placed flagellates may project into the prestomium. In P. pemidosua flagel- 
lates reach the tip of the epipharynx and are found among its terminal teeth 
as early as the sixth day (Plate 18, fig. 5), When flagellates occur among the 
terminal teetli of the epipharynx their entry into the skin during the act of 
biting appears inevitable. 

It remains to be determined whether the more rapid rate of development in 
P. perniciostis is due to some peculiarity in the sandfly or in the parasite. 

The Exit of L. infantum through the Proboscis of P. pemiciosus. 

In order to study the possible mode of infection it vras necessary to resort 
to Hertig’s method of feeding through capillaries, as none of the sandflies 
re-fed on liamstera. By this method the biting parts of the sandfly are mani- 
pulated into the opening of a fine capillary of sufficiently small bore to exclude 
the labium. A little citrate (about 2 cmm.) was blown down tlie capillary after 
the mouth parts were in position. Under these conditions P. pajkUami feeds 
very readily, but P. 'pernidoms seldom ingests fluid, although the piercing 
parts are active. 

Fifteen sandflies from 5 to 13 days after the infecting feed were used for the 
experiment. After an interval from I to 3 minutes the sandflies were removed, 
the total amount of fluid in the capillary was blown on to a sUde and examined 
under a coverslip. In six cases the fluid was found to contain flagellates. 
The number of flagellates seen in the different experiments were 1, 1, 1, 4, 20, 
and several himdreds. In the last case flagellates were sufficiently numerous 
for making a stained preparation. The flagellates (fig. 1, p-r) were mainly 
from 6 to 11 |x in length with the flagellum longer than the body. One 
flagellate 17 * 4 p long was found. In contrast to the flagellates from the midgut 
or from cultures, those recovered from the capillary were sluggish and the 
majority were inactive in spite of the fact that the flagellum was intact. (One 
single aflagellar form was found in a stained preparation. The flagellum in 
this case may have been broken off while the smear was made.) None showed 
a translatory movement. (The movement of a niunber of active flagellates 
from cultures was measured and foimd to be up to 20 (x per second.) It is 
therefore evident that the flagellates underwent profound changes in the 
proboscis. It remains to be determined experimentally whether flagellates 
from the proboscis are infective for man or animals. 

The above experiments show that L. infantim can leave the proboscis of 
infected P. pernidoaua and enter a fltiid medium during the act of pieroiiig^ 
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but the mechanism by which the flagellates leave the probcMScis is not yet clear. 
It does not appear probable that the flagellates leave the proboscis by their 
own activity, for they show practically no translatory movements in the 
fluid. Flagellates from the midgut or from cultures remain active for hours 
in citrate. 

Sections of the sandflies which gave no flagellates in the Hertig apparatus 
showed that infections of the pliar 3 nix and buccal cavity are not in themselves 
suflicient to cause the exit of flagellates under the conditions of the experiment. 
It still remains to be determined to what level the flagellates must descend 
before they can leave the proboscis. In one (uisc where 20 flagellates were 
recovered from the capillary a section showed that at least another 20 flagellates 
remained in the proboscis, of which some were only 100 [x from the distal end 
of the epipharynx. 

The exit of flagellates from tlie proboscis of P. perniewsm is suggestive. 
It is in acc ord with the most distinctive hmture of Mediterranean Kala Azar, 
its relative frequency in infants under 12 months who cannot crush insects. 

P. major , — Out of 13 sandflies whicli fed on the hamster 12, i.c., 92*3 per 
cent., were positive. The infections were very heavy and resembled those in 
P. pemiciosus. The flagellates ascended the cardia and attached themselves 
as early as 2 days afer the feed. Owing to the relatively small number of 
sandflies which fed it was not possible to make as extensive a study as in the 
case of P. pernidosus. 

Discussion oj Feeding Experiments on, Hamsters, 

No L.-D. bodies were found in blood smears of hamster No. 1 made at the 
time the feeding experiments were carried out, but sections of the skin showed 
that the coriulh contained infected macrophages. 

The high infection rates in P. perniciosus and P. major show that almost 
every sandfly ingested L.-D. bodies (hamster No. 1 received the first injection 
of L, infantum from cultures on May 13, 1930, and one P, perniciosus which 
fed on June 18, 1930, was infected. The corium or the blood must, therefore, 
have contained L.-D. bodies within 6 weeks after the first inoculation of 
L* irfantum,) It is therefore concluded that almost all the specimens of 
P. papatasii and P. sergenti which fed on the hamster also ingested L.-D. bodies, 
but that these two sandflies are not suitable for the development of L, infantum , 
In the case of P. papatasii^ 6 out of 7 of the positive sandflies which became 
infected on hamster No. 1 fed after August 11, 1930. Up to that time the 
infection rate in P. papatasii was 1 out of 134. During this period the infection 
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rate in P. pernidosm was 83*3 per cent. The heavier infection rate in 
P. papaiasii after August 11, 1930 (9-5 per cent.) was obviously due to the 
increasing number of L.-D. bodies in the corium. The comparative infection 
rate up to AugUvSt 11, 1930, 83*3 per cent, in P. pernimosm to 0*75 per cent, 
in P. pcipaimti. is a striking illustration of the relative adaptability of 
L. infantum in these two sandflies. 

The high infection rate produced in P. perniciosus and P. '^najor cannot be 
regarded as an accident, and is considered to show a specific host-parasite 
relationship between L. infantum and these two sandflies. This specificity 
still remains to be investigated. It is probably not due to difforenc'es in the 
Ph of the intestinal juices of the different sandflies, for in cultures L. tropim 
and L. infmiiimi have the same range of pu and every know'u medium suitable 
for the development of L. tropica Ls equally suitable for the development of 
L, infantum. Nevertheless, Palestinian strains of L, tropica produce a high 
infection rate in P. papatasii and Italian strains of L, infantum a low one. 

Experiments with L. infantum /rom artificially infected P. perniciosus. 

Chinese hamster No. 4. 

14.1(t30. Inoculated intraperitoneally with L, infantum from the mid- 
gut of sandflies Nos. 678-680. These sandflies were infected by 
feeding on Chinese hamster No. 1 on 9.10.30. In sections of the 
head Nos. 678 and 679 showed infections in the pharynx and 
No. 680 was also infected in the buccal cavity. 

Result : The animal died 9.1.30 and was found to have visceral Leish- 
maniasis, 

White mice. 

26.9.30. Five mice inoculated subcutaneously with L. infantum from 
six P. pernidosus which had been infected 6 days previously by 
feeding on Chinese hamster No. 1. The infection was vary heavy 
in all the sandflies. 

Result : Negative during an observation period of 3 to 6 months, 

2.10.30 to 18.10.30. Seven mice were inoculated intraperitoneally 
with L, infantum from 13 heavily infected sandflies from 5 to 10 
days after feeing on Chinese hamster No. 1. 

Result : Negative after an observation period of 6 months. 

Experiment on man. 

16.10.30. Whole mid guts of sandflies Nos. 669 and 670 inoculated into 
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two points on the leg of a human being. Sandflies Nos. 669 and 
670 were infected by feeding on Chinese hamster No. 1 (6.10.30), 

16. 10.30. No. 669 was found heavily infected from proboscis to stomach. 
Tliere were many short forms in the cardia. 

Hi. 10.30. No. 670 gave a negative result in the Hertig apparatus. 
On dissection a heavy infection was found in the midgut. There 
were many short forms in the cardia. in section the pharynx was 
found clicked with flagellates and the bticcal cavity was also infected. 

The volunteer had been previously infected with L. tropica from flagel- 
lates of a naturally infected P. papaiasii. This infection healed 
spontaneously after years and further attempts to re-inf ect 
with /v. tropica gave negative results. Inoculations with flagellates 
of jL. tropica dead or living always gave rise to a typical skin reaction 
— ^hypersBmia after a few days and scaling. 

Result : After 2 weeks two scaling papules ap|)eared on the site of 
inoculation. These stiU persist (31.3.31) but repeated smears 
failed to reveal the presence of L.-D. bodies. 

Experiment on a dog. 

30.10.30. Midgut of sandflies No. 747 and No. 763 inoculated into 
both oars of a dog. Sandfly No. 747 was infected by feeding on 
Chinese hamst<3r No. 1 on 21.10..30 in Catania, and was transported 
to London (during part of thej journey it was subjected to a tempera- 
ture of 5° C.) where it was found dead. On dissection many active 
flagellates were found in cardia and stomach. Sandfly No. 763 
was infected by feeding on Chinese hamster No. 1 on 22.10.30 in 
Catania and was transported to Loudon, where it was found dead. 
On dissection numerous active flagellates were found in stomach 
and cardia. 

Result: 6.5.31. Dr. C, M. Wenyon kindly examined smears of bone 
marrow and spleen and found them negative. 

Nalttral Parasites of Wild Sandflies in Catania, 

Out of 3839 ? ? of P. papatasii, 100 of P. serge^iti and 222 of P. major, 
none were found infected with Leishviania, Out of 761 ? ? of P. pemidosus 
one caught in a Kala Asar house in Centuripe in a room where a patient was 
sleeping was found to be infected (5.10.30). The infection was slight ; about 
20 flagellates were found, of which some were attached in the cardia. 
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5.10.30. The whole midgut was rubbed into a scarified point on the hindleg 
of a Chinese hamster. 

26.1.31. Partial splenectomy. Spleen smears negative. 

The above numlx'is refer only to fed or partially fed females caught in or 
near Kala A 2 :ar houses and dissected 1 to 5 days after capture. They do not 
include sandflies used for breeding. 

One fenialc of P. jHirroti var. itnlicus was found infected with CrUhidia, 
whicli were probably stages of Trypanosai^na ptyodactyli. They will be 
described below. 

A few females of P. jxt'paUisii were found infected with fungi in the alimentary 
tract. Nematodes were found in the coelome in five sandflies and others were 
found inf exited with ectoparasitic mites (from 2 to 11). 

A few specimens of P, pernidosiiH were found infected with fungi and yeasts 
in the coelome. 

ObservaiionH on Trypanosoma ptyodactyli datouillard. 

This tr 3 ^ano 8 ome was found in the blood of 17 out of 49 specimens of 
Tnrentola nmtiretanim. It grows readily on Locke Serum or Locke Blood 
Agar. Cultures live up to 2 months, but it is advisable to subculture every 
2 or 3 weeks. In ciilture the organism is very pleomorphic and all forms 
occur between aflagellar bodies 5 [x in diameter to Crithidia 30 [i long (fig. 2, 
a-e). Trypanosomes also occur (fig. 2, h-i). In some primary cultures the 
majority of the organisms may be aflagellar. After a number of generations 
in culture the organism may lose its flagellum or develop only a rudimentary 



Fig. 2. — Culture forms of T, ptyodactyli, aflagellar forms ; o-e, Crithidia ; j-g, 

piriform bodies in old cultures ; A-t, trypanosomes. 


one and produce rich cultures of piriform bodies without a flagellum (fig. 2, 

A Trypanoamm founds in a mid P. parroti var, italicus. 

The forms in the midgut were mainly Crithidia but a few trypanosomes were 
also found. The Crithidia varied in size from 6, 7 (x to 80 [x and the flagellum 
was either free or very short. The trypanosomes were up to 16 |x long (fig. 3). 
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The infection was rather heavy and many flagellates were found in the cardia. 
A number of flagellates were attached to the rhabdorium. Sections of the 
head showed the infection to extend as far as the anterior part of the pharynx. 



lO/t 

Fig, 3.— Trypanosomes found in naturally infeeted P, pet not i, a-€, short Orithidia; 

hmg Crilhidia ; A, trypanosome. 


Infaium of Sandflies with T. ptyodactyli. 

Fourteen feinalcs of P. jHifotasii, laboratory bred, fed on a naturally infected 
gecko and were dissected 2 to 12 days after feeding. Ten were found to be 
infected. The infections were heavy and the flagellates were confined to 
stomach and cardia and did not descend into the hindgut. In all cases 
flagellates were attached to the rhabdorium of the cardia. 

Three wild P. parroti fed on the same gecko and were dissected 4 days later. 
All were heavily infected in cardia and stomach. In one .sandfly sections 
showed the pharynx, msophagus and midgut choked with flagellates but the 
hindgut was not infected. The type of flagellates found in P. papalasii and 
P. parroti resembled those found in the wild P. parroti. 

Thirty mites collected from infected geckoes were examined and found 
free from flagellates. 

Only a small number of flagellates are necessjiry to infect a sandfly, for no 
trypanosomes were found in blood smears of the gecko used for the experiment. 

The tryimnoSomc in the sandfly clearly has an anterior position. The 
infection persists for at least 9 days in P. papatasn and is not affected by 
refeeding. It is therefore probable tlyit T. ptyodactyli is transmitted by the 
bite of a sandfly. P. papatasii is probably not the carrier, for in nature it 
does not feed on geckoes, although it does so under laboratory conditions if 
deprived of other food. Out of 3839 P. papaUmi dissected none were found 
to oontain nucleated red cells in their midgut. On the other hand, P. parroti 
in nature usually feeds on geckoes and is therefore probably the transmitter 
of f. ptyodactyli. 
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Investigations on Mediterranean Kala Azat. V . — Distribution of 
Sandflies of the Major Group in Relation to Mediterranean 
Kola Azar. Summitry and Conchisions. References. 

By S. Adlek and 0. Thkodor. 

(Kala Azar Commission of the Royal Society.) 

(Communicated by H. II. Dale, Sec. R.8. — Received May 1 . 1931.) 

The work of the Indian Kala Azar Commission, the Royal Society Commission 
in China and the observations recorded above indicate that the visceral Leish- 
manias are particularly adapted to sandflies of tlie Major group, i.e., P. 
argentipes in India, P, chinevsis in China, P, fnirnioiosus and P. 7 tiajor in Sicily. 
Parrot, Donatien and Lestocquard ( 1930 ) found that P. perniciosus which 
fed on a dog with visceral Tjeiskfrumiasis and skin lesions became infected. 
The infection was confined to the stomach of the sandflies 3 days after the 
infecting feed. The above sandflies have all been infected by feeding on 
experimental animals and the first three have also been infected on man. 
Natural infections with Leishmania have been recorded in P. argentipes and 
P. pemidosus. P, perniciosus var. tobbi and P. major var. syriacus have 
t)een infected by feeding on cultures of L. infantum. 

It is therefore of interest to consider the known distribution of sandflies 
of the Major group in relation to visceral Leishmaniasis in the Meditt^rranean, 
for the two sj)ecie8 not included in this group which feed on man, t.e., 
P. papaiasii and P. sergenti, have been excluded experimentally as possible 
carriers. 

P. pernicujsus . — This species is present in endemic foci in Italy, France, 
Spain, Tunis and Algiers. In Italy the distribution of this sandfly coincides 
with that of the disease. The absence of this sandfly and the disease at high 
altitudes in the neighbourhood of endemic foci is significant. In Sicily, Kala 
Azar is mainly a disease of the coastal plain. The largest endemic foci in 
Italy, i.e., Naples, Palermo, Catania are all on or near the coast. In these 
foci there are districts of maximum intensity on the outskirts of towns, e.g., 
Via Fossa Greta, Ognina and Cibali in Catania, Villabate and Aquasanta near 
Palermo, and Bosco Trecase near Naples. In some houses in these districts 
P. perniciosus is the most common sandfly. In Catania itself both the sandfly 
and the disease are rare in the centre of the town. In the interior of Sicily 
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where P. pemiciosus has not been found, Kala Azar is very rare even in 
districts where the altitude is less than 700 metres. The climatic conditions 
in the coastal region of Sicily are obviously more favourable for the develop- 
ment of this sandfly than those of the interior. P. pemidosus has not been 
foimd in Palestine and Syria where there are few cases and in Greece and 
Macedonia where there are many cases. It does not, therefore, account for 
the whole of Mediterranean Kala Azar. 

P. mijor — The local race of this species is common in sevei;al quarters of 
Catania where the disease is common but where P. pe^rnidosus is also abundant. 
The local distribution of the diseanse is much wider than that of P. major. 
It is possible that Catania is the heaviest centre of the disease partly because 
of the presenc<^ of this species. In India no relationship has yet been observed 
between the distribution of P. rmijor and that of Kala Azar, but it is not yet 
known to what extent racial differences in sandflies are accompanied by bio- 
logical differences in general and siiitability for the development of Leishmania 
in particular. 

P. pitmioiosus var. tobbi . — This species is present in Rosh Pinah in Palestine, 
from where the disease h*i8 not yet been recorded. It is also present in Resht 
in Persia. 

P. ariasi is present in Valencia, an important endemic focus. 

l\ ^nacedorticiis . — This sandfly particularly requires ex|>(^rimeiital investiga- 
tion. In the absence of experimental evidence, and in spitx', of the lack of a 
fuller knowledge of the sandflies of Macedonia and Greece, this sandfly may 
be suspected as a probable vector of Kala Azar because of its close relationship 
to P. jH^rniciosus . 

P. vesiivuinm is present near Naples in a locality where Kala Azar is abundant 
and therefore requires further investigation. It is too rare to account for the 
bulk of the cases in the neighbourhood of Naples. 

P. major var. syriacus is present in Syria and Palestine and P. cartaanitious 
in Palestine where the disease is rare. 

P. chinemis . — One race of chinensis is present in Macedonia in an endemic 
focus and is suspect bccauwi of the work of Patton and Hindle (1927) 
and of Young and Hertig (1926) in China. The epidemiology of the disease 
in Macedonia, however, is very different from that in Chuva. Another similar 
race of P. Aimirwris has been re<'.orded from North Palestine, where Kala Azar 
is unknown!^ 

The knoTj|i|lge of other species of the Major group in the Mediterranean 
basin is too scanty for drawing conclusions, 

VOL. ovin;— B. 2 m 
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The Bionomics of Species in Relation to Epidefniology, 

As previously pointed out, the epidemiology of the disease must be dependent 
on the bionomics of tlie insect vector, on the susceptibility of various groups 
in the population and on tha frequency of parasites in the blood. In the case 
of P, pemioiosus the spread of the disease is limited by the following factors : — 

(1) The relative scarcity of parasites in the blood. Direct blood cultures 
show that an average case has at least one parasitii, or what is more likely, 
one infect(?d macrophage j)er 30 cram, of blood. Since the average feed of 
P. jHrnicwsus is 0*105 crnm. of blood the infection rate in sandflies feeding on 
cases may be estimated roughly as 1 per 200, assuming that a single parasitised 
macrophage gives rise to an infection if ingested by P. pemidosiis. It was 
not possible to test this estimate satisfactorily, because in most cases permiasion 
to feed sandflies on jiatients was not obtained, although imder natural con- 
ditions hundreds of these iiLsects feed on them. Cases where 5 cmm. and 2 crnm. 
of blood give a positive culture are not rare, but they are not usual. In Indian 
cascvS parasites are more numerous in the blood and infection rates of 42 per 
cent, have l)een obtained in P. argerdipes. 

(2) An infected P. pemidosus after laying its eggs may refeed on a mule, 
cow or a natti rally immune human adult and not necessarily on a susceptible 
infant. 

(3) The seasonal prevalence of the sandfly. In the case of P. pemidosus 
transmission is possible througlmut the whole sandfly season, but is most 
likely from the middle of August to the middle of October when the sandflies 
are most numerous. 

If the sandfly theory is accepted as a working hypothesis, the characters 
of an endemic centre should provide some clue, even if a negative one, as to the 
vector. In the Kassala and Blue Nile districts the epidemiology of Kala 
Azar, in so far as it has been investigated by Bousfield (1911), resembles that 
of India rather than that of Italy, It can, therefore, be confidently predicted 
that P. pemidosm is not the vector of the disease in the Sudan but some other 
sandfl}” of the Major group. Up to the present P, papatasii is the only anthro- 
pophilic sandfly recorded from the Sudan, but further investigations will 
probably reveal the presence of a species of the Major group. 

The Behuviour of Leiahmanias in Sandflies, 

The behaviour of Ldshmanias from cultures or infected animals has been 
studied in a number of sandflies and it is now desirable to analyse the various 
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factors involved. Such an analysis is of practical value, for a few experiments 
may limit the search for the vector in a given district to one or two species. 

The following Leishmanuis have been studied in sandflies : — 

(1) L. tropicfx (Bagdad and Palestinian strains) in P. papatasii and 
P. sergmli (Adler and Theodor, 1925 et seq.), Algerian strain (Parrot and 
Donatien, 1927). 

(2) L. ceramodaetgli in P. papfUasii (Adler and Theodor, 1929). 

(3) L, agam'P in P. paptiiadi (David, 1929). 

(4) L. (lonovani (Chinese strains) in P. sergeMi var. mongolemis, P. chinensis 
and P. sqiiamirostris by Young and Hertig (1926). In P. sprgmti var. mongo- 
lensis and P. chhwnsia by Patton and Hindle (1927). In P. papdlasU by Adler 
and Theodor (1930). 

(5) L. donomni (Indian strains) in P. argenUpes by Knowles, Napier and 
Smith (1924), and the Indian Kala Azar Commission (1924 et seq.) in 
P. papatmii by Adler and Theodor (1930) and Napier and Smith (1927). 

(6) L, infantum (Italian strain) in P. jmpatasii, P. pemiciosm^ P. major 
and P. sergenti (Tunis strain) in P. papatmii, L, canina (visceral strain) in 
P. papalasii by Adler and Theodor (1929 and 1930). 

(7) L. hrasiliensis in P. papatmii by Adler and Theodor (1927 and 1930). 

The behaviour of the Leishmanias of mammals in sandflies may be classified 
under three heads : — 

(1) A relatively small number of L.-D. bodies or flagellates produce infections, 
the flagellates tend to an anterior position, and the infection in the sandfly 
persists, e.g,, L, tropica (Palestinian strain) in P. papaUisii (Baghdad strain) 
in P. sergenti and L, infantum (Italian strains) in P. perrmiosus. 

(2) A large-dumber of L.-D. bodies or flagellates (more than can be obtained 
by*a sandfly under natural conditions) produce infections in sandflies and the 
flagellates tend to an anterior position, e.g,, L, donovani (Indian strains) and 
L. infarUum (Italian strains) in P. papalasU : — 

(а) The infection persists throughout the whole life of the sandfly, e.g,, 
Italian strains of L, infantum in P. papatmii, 

(б) The infection rate diminishes with time, e,g,, Indian strains of L> donovani 

in P. papatasii. 

In the case of L, infantum (Italian strains), P. papatasii can be practically 
excluded as a vector, for L.-D. bodies in numbers far larger than those found 
in natural infections produce a low infection rate. 

{3) A large number of flagellates produces an infection which is nearly 

2 M 2 
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always confined to the stomach, a strain of L. brasilm^is in P. papcUasH, 
L. dcmovani (Chinese strains) in P. sergerUi var. motigolensis. In the latter 
case the flagellates disapj>ear after the blood meal has been digested. 

In oases where the behaviour is of the latter two typos the sandflies con- 
cerned can be excluded as vectors, whereas the first type of behaviour indicates 
that the sandflies concerned are possible vectons. Further studie>s are required 
to compare the behaviour of closely related strains c)f Lauknmnuz in sandflies. 
Baghdad and Palestinian strains of L. tmpicd are indistinguishable serologically, 
nevertheless they show some points of diflference in their behaviour in sandflies. 
The Palestinian strains products a high infection rate both in P. jxtpatasii 
and P. sergerUi, The Baghdad strains produce a high infection rate in 
P. sergerUi and a low infection rate in P. papatmli (1930). Moreover, in Baghdad 
and district the main distribution of Oriental sore coincides with that of 
P. sergerUi and not witli that of P. papafasii. Similarly, Chinese and Indian 
strains of L, donovani are biologically very close. Kindle hiis made an interest- 
ing observation which may prove to be of great significance. He found that 
P. ohinensis after feeding on a hamster infected with L, donovani (Indian 
strain) became infected, but the flagellates were confined to the stomach, 
although Chinese strains of L, donovani ascended to the buccal cavity. 

There is therefore some evidence that strains of Leishmania which become 
particularly adapted to a single species of PhkboUmius do not develop well in 
other sandflies in which closely relatcid strains of LeishmunUi develop rea<lily. 

Summary and Concltisio'm, 

The epidemiology of Mediterranean Kala Azar excludes the possibility of 
transmission by contamination. The rarity of family infections and house 
to house infections, the rarity of the disease among the poorer urban population 
ill the centre of large cities situated in endemic foci are not compatible with 
transmission by direct contact or by oral infection. The demonstration of 
parasites in the circulating Ijlood of 91 • 7 per cent, of cases shows that infection 
of biting insects is not unlikely. The search for an insect vector is limited to 
biting insects which have a sterile alimentary tract and whose distribution 
bears some relation to that of the disease, two conditions which in Catania are 
filled by sandflies. The distribution of Phlebotomus pemiciosus in Italy 
coincides very closely with that of Kala Azar. Like the disease, it is absent 
at high altitudes in Sicily, is rare in the interior and is commonest on the 
coastal plain. The distribution of P. papatasii is much wider than that of the 
disease, and it is common at altitudes of 1,100 metres where Kala Azar does not 
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ocottr. The distribution of a local race of P. major in Catania is more restricted 
than that of the disease, but it is common in two intense foci. 

P. pernidostis, P. major, P. papatasii and P. sergenti were fed on a Chinese 
hamster infected with Leishmania infatUum. The infection rates were 96*8 
per cent, in P. pemidosas, 92-3 per cent, in P. major, 3*5 per cent, in 
P. papataMi and nil in P. sergenti. It is therefore obvious that Leishmania 
infantum is far better adapted to P. pernidosm and P. major (both sandflies 
of the Major group) than to P. papatasii and P. sergenti. In the case of 
P. papatasii fed on bone marrow which showed one parasite to 40 fields, a much 
larger number than that found in the peripheral blood of human cases, the 
infection rate was nil. In sandflies fed on infected bone marrow showing 
7 parasites per field it was never higher than 26 per cent. P. papatasii can, 
therefore, l>e practically excluded as a vector of Kala Azar in Sicily. 

Out of 63 P. pmiiciosus fed on 5 cases of Kala Azar, 4 sandflies were found 
infected, and a wild P. perntciosus caught in a Kala Azar house was found to 
be naturally infecttMl with Leishmania. The infection rate in P. perniciosus 
was one out of 751 in insects caught in or near Kala Azar houses. Out of 
3839 P. papatasii caught in or near Kala Azar houses none were found infected 
with Leishmania. Out of 130 P. paftaiasii fed on 6 cases of Kala Azar none 
were found infected. 

P. perniciosus is therefore considered to In* the imjyortant carrier in Sicily 
because of its distribution, its infection after feeding on human Cjoses and on an 
infected Chinese hamster, and the extemxmi of the infection into the teeth of the 
epipharynx. 

Fifteen sandflies, P. perniciosus, were placed in a Hertig apparatus 6 to 13 
days after the infecting feed on a Cliinesc? hamst^^r and in six instances flagellates 
were recovered from the (capillary of the Hertig apparatus. These flagellates 
coiild only have entered the capillary from the proboscis and this experiment 
suggests very strongly that flagellates from P. perniciosus can enter a verte- 
brate host in the absence of any active interference on the part of the latter. 
This is in accord with the most striking character of Mediterranean Kala Azar, 
namely, its relative frequency in infants under 12 months who can hardly be 
expected to crush insects. 

The local race of P. major is also a possible carrier, but it cannot be the main 
carrier, for its distribution is not nearly as wide as that of the disease. 

A study of the bionomics of P. perniciosus showed that this sandfly is present 
throughout the whole sandfly season, but is commonest from the middle of 
August to the middle of October and particularly in the second half of this 
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period. Infections are therefore possible from June to October, but are most 
likely to occur from the middle of August to the middki of October. 

The offspring of the tliird and fourth generation of P. pemidosus hibernate 
as fourth stage larva? even if the eggs and larvee are kt^pt at C., the optimum 
temperature for the development of P. perniciosm of the first two annual 
generations. A t/cmpcrature of IMf C. is harmful to the hibernating larva? and 
produces a mortality of 70 to 90 per cent. Hibernation is not simply an 
adaptation to low temperatures, but is an essential part of tlie life cycle of 
Sicilian perniciosm. P. pemidosus feeds more readily on mules an<l cows 
than on man, and more readily on man than on laboratory animals. 

The visceral Leishmanias, in so far as they have been studied, appear to be 
partieuhirly adapted to sandflies of the Major group. 

The sandflies of the Mediterranean basin are listed, two new species, 
P. nutcedonicus and P. canaaniiicus and a new variety P. major var. syrvwm 
are described. 

The distribution of the Majar group in relation to that of Mediterranean 
Eala kzBX is described and the following species are particularly suggested for 
further investigation : P. macedoiiiciiSy a race of P. chinensis, P. arum, 
P. vesuvianus, P. pemidos'us var, tMn and P. major var. syriacus. P. mace- 
donicus is considered to be the most likely carrier in Macedonia. In the Sudan 
an unknown species of the Major group is probably the carrier of Kala Azar. 

A study of i, infawLum in Crioetulus griseus, Crioetus auratus, Microius 
giintheri showed that the pathology is similar to that found in Chinese hamsters 
infected with i. donovani. No cutaneous ulcers developed although the skin 
was heavily infected, there was no permanent periarthritic swelling, parasites 
were rare in tlie general circulation and the visceral infection did not disappear 
spontaneously. 

In Catania the gecko TarentoUi fnauretanica was found to be free from 
Leishmania infection. Attempts to infect geckoes by inoculation of L, 
infantum from infected human bone marrow and cultures gave negative results. 
This gecko can, therefore, be excluded as a reservoir of L, infantum. 

Phlebotomus minutm and Leishmania tarentolw are both absent in Catania 
and both present in Tunis and Algeria. The possibility of P. minutus being 
the carrier of L. tarentclai is therefore to be considered. 

Seventeen out of 49 specimens of T. mawetanka were found to be infected 
with Trypanosoma ptyod'Myli, and P. parroti and P. papatasii were infected 
with the trypanosome by feeding on geckoes. The flagellates in these sand* 
flies tended to an anterior position. P. papatasii can be practically excluded 
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as a carrier of the tiypanosome, for it does not feed on geckoes in nature, as 
none of the 3,839 wild P, papatasii dissected contained nucleated red cells in 
the stomach. 

A female of P. parroti was found naturally infected with a trypanosome 
resembling T. ptyodactyli in artificially infected sandflies. The infection 
extended into the j)harynx. P. parroti feeds on geckoes in nature and it is 
probably the carrier of Trypamsoma ptyodactyli, 

AcknowledyfaenfM, 

Our thanks arc due to Professor A. Ijongo, Director of the Clinics Pediatrica 
of the University of Catania and Dr. F. Paradise of the same clinic, for their 
interest in the work, and for placing all the Kala Azar material of the clinic 
at our disposal. But for the kindness of Profeasor Longo. who provided us 
with laboratory accommodation and facilitated oiir work in every way, it 
would not have been possible to undertake this investigation. 

VV'^e have to thank Dr. K. Ronca, Medico Provinciate of Catania, for facili- 
tating our work in various places in Sicily, and Dr. Rosario Ciccia of Centuripe 
for his valuable help. 

Wc have to thank Professor A. Muscatello, the Rector of the University of 
Catania, for permission to work in the University. 

Professor J. G. Thomson, of the London School of Hygiene and Tropical 
Medicine, and Dr. E. Hindle kindly prcijented us with five Chinese hamsters. 


REFEKKNCES. 

Adler, 8., and Thetnlor, O. (1925). ‘ Bull. Ent. Kpm.,' vol. 16, p. 399. 

_ (1926). ‘ Ann. Trop. MckI. Para.Hit.ol.,’ vol. 20, pp. 175 -194. 

- (1927). Ibid,, vol. 21, pp. 61^18, 111-134. 

— : (1929). ' Trans. Roy. Soc. Trop. Med. & Hyg./ vol. 22, pp. 343-356. 

---(1929). ‘Ann. Trop. Med. Parasitol.,’ vol. 23, pp. 1-18, 269-306. 

(1930). Ibid,, vol. 24, pp. 193-196, 197-208. 

Adler, 8., Theodor, O., and Lourie, E. M. (1930). * Bull. Ent. Res..’ vol. 21, pp. 529-539. 
Adler, 8., and Theodor, O, (1931). Ibid., vol. 22, pp. 105-113. 

Bousfield, 1m (1911). “ Fourth Report Wellcome Trop. Res. Lab.,” pp. 127-141. 

Oarmata, S, (1914). ‘ La Pediatria,’ vol. 22, pp. 27-32. 

OardamatlH, J. P. (1912). ‘ Bull. Soo. Pathol. Exot.,’ vol 6, p. 88. 

Coxonia, G.. and l>i Giorgio, G. (1914). ‘ La Pediatria,’ vol. 6, p. 208. 

Chatton, E., and Blano, G. (1918). ‘ Bull. Soc. Path. Exot.,’ vol 11, p. 596. 

Ohrktophors, S. R., Shortt, H. E., and Barraud, P. J. (1926). ‘ Ind. Mod. Res. Mem.,' 
No. 4, pp. 19-66, 127-133. 
l)a Capua (1926), ‘ La Pediatria,’ vol 84, p. 449. 

David, A. (1929). “ Thesis Faculty Science Univ., Paris.” 



S02 Investigations on Mediterranean Kola Azat. 

Fiffoher, A., and Dolsohan»ky, L. (1929). ‘Arch. Entwicklungsmech./ vol. 116, p. 126. 
Hindle, E. (1928). ‘ Proo. Roy. Soc./ B, vol. 108, pp. 599-619. 

— (1930). ‘ Trans. R. Soc. Trop. Med. & Hyg./ vol. 24, pp. 97-104. 

Kindle. E., and Patton, W. S. (1926). ‘ Proc. Roy. Soc.,* B, vol. 100, pp. 386-386. 

Kindle, E., and Thomson, J. (1. (1928). Ibid,, vol. 108, pp. 262-267. 

Jemma, H., Di Christina, G., and Cannata, S. (1910). * La Pediatria,* vol. 8, pp. 241-262. 

Langeron, M., and Nitzulascu, V. (1931). ‘Ann. Paro-sitol,’ vol. 9, pp. 72-76. 

Maggiorc, S. (1923). ‘ La Pediatria,* vol. 88, pp. 169-172. 

Mayer, M., and Werner, H. (1914). ‘ Deiitsch. Med. Woch.,’ vol. 11, p. 67. 

Meloney, H. E. (1925). ‘ Ainer. J, Path.,’ vol. 1, pp. 147 -168. 

Napier, L. E., and Smith, R. O. A. (1927). ‘ Tnd. J. Med. Res.,’ vol. 14. p. 713. 

Newstead, K. (1911). ‘ Ann. Trap. Med. Parasitol.,’ v^ol. 6, pp. 139-186. 

Nitzuleseu, V. (1930), ‘ Ann. Parasit. Hum. CJompar.,’ vol. 8. pp. 530-639, 547-662. 

Paradiso, F. (1926). ’ La Pediatria,’ vol. 84, p. 664. 

Parrot, L., Donulien, A., and I^stocquard, F. (1930). * Bull. Stw. Path. Exot.,’ vol. 88 . 

p. 724. 

Patton, W. S. (1914). ‘ Ind. J. Med. Res.,* vol. 2, pp. 492-604. 

Patton, W. S., and Hindle, E. (1927). ‘ Prcx*. Roy. Soc.,’ B, vol. 101, pp. 369-390. 

Pittaluga, G. (1925). Etude opidomiologique sur la Ijeishnianir)se viscerale eti Espagne,” 

* Soc. Nat. Genova.* 

Pulvirenti, G. (1911). ‘ Patologica,’ vol. 8, pp. 205'-208. 

Roubaud, E., and Colas- Belcour, J. (1927). * Arch. Inst. Past. Tun.,’ vol. 16, pp. 69-80. 

Sergent, Ed. and Et„ Lemaire, G., and Senevet, G. (1915). * Ann. Inst. Past.,* vol, 89 , 

pp. 309-323. 

Shori.t, H. E. (1929). ‘ Trans. F.E.A.T.M. 7th Congress,’ pp. 12-18. 

Sinloii, J. A. (1926). ‘ Ind. J. Med. Res.,’ vol. 12. pp. 701-729. 

Tonnoir, A. (1921). ‘ Ann. Soc. Eut. Bolg.,’ vol. 61, pp. 53-56, 333-336. 

Wenyon, C. N. (1914), * J. lYop. Med. Hyg.,’ vol. 17, pp. 49-50. 

(1928). ‘ Brit. Med. J.,’ pp. 568-562. 

Young, C. W., and Hcrtig, M. (1926). ‘ Proc. Soc. Exp. Biol. Med.,* vol. 22, pp. 611-616. 

(1927). Ibid,, vol. 26, p. 196. 

Young, McCombio (1924). “ Kala Azar in Assam ’* (London, K. H. Lewis A Co.), 



603 


6 I 2 . 014 . 481 . I. 

The Reaction of Liimig Tissues to Homogeneous X-Radiation 
Produced by Crystal Diffraction.'^ 

By Waenford Moppett, M.D., Ch.M. (Sydney). 

(From the liiophysioal Jjaboratory, the Department of Physics, the University of Sydney.) 

(Communicated by J. T. Wilson, F.R.S. — Received April 9, 1931.) 

[Plate 19.] 

Introductiwi. 

The adaptation of the X-ray spectrometer to a biological investigation has 
been described in previous papers (1925 an<l 191^)). The allantoic membrane 
of the embryo chick was used as a standard tissue and effects or reactions were 
obtained consisting of hypertrophy or proliferation and atrophy or destruction, 
the latter representing a higher degree of change* associated with a more intense 
stimulus. 

The energy available after crystal diffraction is so small that it is necessary 
to make certain assumptions wlien biologic/ul changes can be obtained in a 
reasonable time of exposure. It would appear that there is a neutralising action 
between frequencies and that the action of any one frequency is selective with 
respect to another. There is ample experimental evidence of the neutralising 
action which was termed antagonism and of a selective action (1930, a and 6). 

The present paper is concerned with an attempt to extend the above 
phenomena to other tissues. In accordance with the above supposition it is 
only necessary in a preliminary investigation to obtain definite X-ray effects 
and the main problem involved is the proof that abnormalities observed are 
due to X-radiation. 


1 . — Experiments mi Mammalian Skin, 

Technical Procedure , — ^The skin of the white mouse was used as a typical 
mammalian tissue. The X-ray spectrometer only furnishes a small pencil of 
rays and complete immobilisation was necessary, for with any movement no 
one area would receive an effective dose. 

* This work was carried out under the control of the Cancer Research Committee of 
the University of Sydney and with the aid of the Cancer Research and Treatment Fund. 
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Two stitches were passed through the skin so that a small fold would be held 
immobile in a wooden frame and a small drop of carbol fuchsin was placed on 
the hair to indicate the irradiated region. After an mterval of 7 days, about 

1 sq. cm. of skin was removed and sectioned serially for microscopic examina- 
tion. To avoid any fallacy the hair was not disturbed until after fixation, and 
in this condition no definite change could be observed by the naked eye. 

The above procedure was adopted for four control preparations and, as 
indicated by the letter 0 in Table I, no abnormality was observed. Thus 
acute flexion of the skin for a short period of time did not produce any visible 
reaction. Unfortunately, in some of the irradiated specimens a reaction due 
to the insertion of a stitch was ob.served in the area sectioned. 

Three additional controls were therefore made for the investigation of stitch 
reactions, which are designated by the letter S in Table I. 

Experimental Details . — The first 22 experiments were performed with the 
low-powered apparatus used for the exposure of the allantoic membrane. No 
conclusive result was obtained and the followmg description applies to the later 
work, series A, Table I. A water-cooled Coolidgc deep therapy tube was 
used, energised by a Gaiife Gal lot constant potential generator. The focal spot 
was found to be annular and the tube was rotated until a line approximately 

2 mm. broad was presented to a “ lathe bed ” spectrometer. The arrangement 
of the apparatus is shown in fig. 1. slits A and A' bemg 2 mm. wide and slit B, 



3 mm. wide. A calcite crystal 2 mm. thick was used and the angle of reflection 
was estimated as a tangent. The divergence of the beam was approximately 
1/150 giving a greater degree of homogeneity than the 1/50 divergence used 
for the experiments with the allantoic membrane. The specimen was exposed 
for 3 hours at 10 m.a. and a potential of 56 kv., some of the work being done 
at 16 m.a. and 80 kv. V arious experiments were made at different wave-lengths, 
according to the details given in Table I. 
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Table 1. 


Approximate 

wave-length. 

Remarks. 

Total 

experimeuta. 



4 

3 

0. 

4 

s. 

? 

H. 


Control 

Stitch reaction 


— 


0-32 

0-42 

0-53 

0-38 

0-79 

0-84 


Skkies a. 

6 

2 

6 

4 

13 

4 

2 

8 

1 

1 

1 

4 

'l 

1 

1 

1 

6 

2 


6 

3 

2 

A 


Total Series A 

36 

6 

1 8 

11 

10 



Skutes R. 





0*32 

Stitch oxcludocl 


1 1 



1 


0-42 



; 1 

i — 



' 1 

0*63 



! 2 

i 

1 

1 

0*79 




— 


i 2 


Total Series R 

10 

4 

— 

2 

j-T 



SsHisa C. 





0*6 

Seri»*8 (j. 

8 






“ O,’* no roaotioiK “ S/’ stitcih reaction, “ doubtful. “ H/* hypertrophic reaction. 

Nature of Abnormalities . — Certain abnormalities were observed in the 
irradiated specimens and a typical example is shown in fig, 2 (Plate 19). There 
is a region in which the epithelium is considerably thickened in comparison 
with the normal, which is also included in the figure. The epithelial cells are 
also enlarged and contain prominent nuclei as evidence of their increased 
activity, but hair follioles are comparatively rare and somewhat abnormal in 
this region. (A fallacy arising from an oblique section can be excluded by 
tracing an abnormal region through a series of sections.) 

Changes are also visible m the deeper tissues corresponding to the thickened 
epithelium. There is a considerable fibrosis and an infiltration by round cells 
and spindle-shaped cells, whilst engorged capillaries are frequently observed. 

The above-mentioned abnormality is represented by the letter H, while in 
some oases the result was represented by ? because m a critioal examination 
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one did not feel justified in definitely attributing changes to X*ra<liation. 
Some specimens were excluded because they contained a reliction which could 
definitely be associated with the insertion of a stitch (S), The latter closely 
resemble a supposed X-ray reactioti and no ctiteria have been found for dis- 
tinguishing with certainty betwet^n them. The stitch reaction, however, 
occurs at the extreme end of the se<‘tion and two reactions may appear when an 
unduly large piece of tissue has been removed. Such reactions are, in general, 
clearly (drcumscribed and they usually show a characteristic; break in the 
subcutaneous muscle bundles. 

The X-ray reaction is more diffuse and the deep infiltration less marked. 
It is also situated rouglily in the ccritn* of the portion of the skin removed for 
examination. In the next series (B) the t^echnique was modified by marking 
the position of each stitch w^ith a dye so that these regions could be avoided 
with certainty in removing the specimen for examination. Although the main 
source of confusion was avoided, some very slight reactions were designated by 
a query. 

It appeared desirable to employ an even larger dose, so a multiple spectro- 
meter was constructed to give a fixed wave-length of 0*5 A. according to the 
details in fig. 3. A fine focus Universal Coolidge tube was used and the 
apparatus was placed so that the focal sjmt formed a circular source of radiation 



about 2 mm. in diameter. Two annular slits were arranged so that a cone of 
rays should impinge on a series of calcite crystals placed round a circular 
form. The object to be irradiated was then placed at the image of the source. 
Practical difficulties of construction limited the output of homogeneous radia- 
tion attained and for the same reason a considerable frequency range was used 
owing to the comparatively large aperture of the annular slits. Nevertheless, 
an area of about 1 sq. cm. was covered by a radiation several times the intensity 
previously used. Eight experiments were carried out with the apparatus 
(Series C, Table I), giving an exposure of 2 hours at 3 m.a.. and an interval of 
14 days was allowed before removing the skin, under the impression that 
reaction would be more fully developed. Some of the sections were very poor 
and four experiments could only be designated with a query. 
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Relationship to Experiments xoith AUantoio Membrane. 

An X-ray reaction was inferred in about 30 per cent, of series A, 40 per cent, 
of series B and 25 per cent, of series C. It is not possible to say that these 
figures represent a proportion of radiosensitive animals biniause the technical 
difficulties of identifying a particular area on the very elastic skin are great and, 
as mentioned above, all doubtful cases were excluded. 

It is to be remarked that the reactions, if due to X-radiation, represent a 
response to a dose just above the threshold and in accordance with previous 
experience (1930, 6) one might expect some specimens to show no reaction owing 
to variation in sfmsitivity. It may also be mentioned that the allantoic mem- 
brane which has received a dose just al)Ove the threshold show's a circular 
region of h}T)ertrophy which is much Bmaller than the irradiated area (1930, c). 
The same condition appears to apply to the mouse skin and the method of 
drawing up a fold during exposure might well lead to confusing appearances. 
The positive results in series C showed the largest area and greatest degree of 
change, and it appears justifiable to assume that a reaction has been produced 
in the mouse skin by the method of crystal diliraction. This reaction involves 
a proliferation of the epithelium to which thi) term hypertrophy may be applied 
so that homogeneous radiation must first cause a stimulation in a similar manner 
to the cJmnges in the allantoic membrane. This is in contrast to the action of 
mixed radiation, which does not usujiUy lead to stimulation. 

In a previous paper on the time factor it was deduced that the mouse skin 
might react in the same manner as the allantoic membrane, but the resistance 
would be much greater owing to a more effective repair (1930, d). 

The present results are in acc.ord with the above supposition. No definite 
results could be'' obtained with the low-power apparatus used for the allantoic 
membrane (1930, a and 6), and the water-cooled tube and spectrometer described 
here gave a hypertrophic reaction in the allantoic membrane in J hour at 
6 m.a* (1930, 6), whilst the mouse skin required a 3-hour exposure at 15 m.a. 
or about 16 times the dose. The erythema dose for mouse 8kin,^U8ing direct 
unfiltered radiation through the same system of slits, was also represented 
by an exposure of approximately 3 hours at 15 m.a. and as the relative intensities 
are about 1 : 1000, this ratio represents the potency of the two radiations. As 
a similar ratio was obtained for the allantoic membrane, it is also about 15 
times more sensitive to mixed radiation than the mouse skin. It must be 
remembered that the direct rays contain all the various homogeneous com- 
pononts in much greater intensity than those obtained after crystal diffraction. 
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There is thus evidence that the mouse skin shows antagonism and selective 
action as a dual phenomenon, althougli the results in Table I are not sufficient 
to demonstrate any selective action. 

W- Experimenis with Representatives of the Ijower Phyla, 

A prolonged and rather unsatisfactory investigation has been made on the 
action of homogeneous X-radiation on representatives of the lower phyla. 
Eight experiments were made with sea anemones (Paradis papaver, Drayton) 
and 31 with narcotised tadpoles placed in a drop of water, but no conclusiv(» 
result was obtained. Finally, curarised frogs were placed so that the X-rays 
fell on the skin of one leg. and sections were made after 7 and 14 days' interval. 
The irradiated i)atch of skin was usually adherent to the subjacent muscle 
bundle and microscopic examination showed a region in which the epithelium 
was considerably thickened and frequently thrown into papilliform proi esses, 
whilst there was a corresponding infiltration of the deeper tissues with small 
round cells (fig. 4, Plate 19). 

Adopting the previous classification, four experiments with the water-cooled 
tube (fig. 1) gave the following result, H, H, ?, 0, whilst 10 experiments with the 
ring of crystals showed six H, two ? and two 0, and one control specimen was 
also sectioned. Thus, 67 per cent, showed a definite abnormality which may 
be described as hypertrophy and, in accordance with the previous discussion, 
it may be assumed that this change corresponds to the reactions in the allantoic 
membrane and mouse skin. 

III. — Experiments with Chick Tissues grown in vitro. 

A considerable amount of work with plasma cultures was carried out in 
collaboration with Dr. J. Byrne, without any conclusive result. Finally, chick 
heart cells were grown in amniotic fluid, which serves as a physiologically 
neutral fluid, using a method described in a previous paper (1927). An 
excellent and very reliable growth is obtained in 24 hours, but the cells degenerate 
completely in the next 24 hours and an attempt was made to show that a 
2 hours’ exposure with the lathe spectrometer, water-cooled tube, etc., hastened 
that process. In place of the glass cavity slide, brass plates were used with a 
circular aperture closed by two thin coverslips and the beam of rays did not 
impinge on the metal, so that there would be very little scattering with conse- 
quent loss of homogeneity. This is likely to be very important, because the 
presence of scattered radiation prevented a reaction in the allantoic membrane 
(1930, a), and ideally one would avoid even a glass coverdiip. 
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The use of a fluid medium makes a horizontal position of the slide desirable, 
but it is very inconvenient to place an X-ray spectrometer in a vertical position 
and a compromise was effected by placing the culture at an angle of 46®. A 
control preparation was also placed in a similar position about 1 cm, away so 
that it would be screened from the rays. 

The preparations were fixed and stained 4 hours after irradiation, and con- 
clusions were made only if both cultures were satisfactory and showed the same 
degree of growth. From the 10 pairs examined, the controls showed a normal 
growth with extended amoeboid cells and large nuclei with one or two distinct 
chromatin aggregations (Table II). A few of the (^ells, particularly at the 

Table II. 


A. Controls | NN N SNN SNNN 

B. Homogeneouii radiation 

0 6A. DD JDDDBDDDDDDDD 

C. fMised radiation approxi- 

mately 200 times dose of 

B NNNNS NK discontinued 

N, normal. B, degeneration. H, slight dcgeneratiyo change, — , mdeterminate. 

periphery, showed a commencing degeneration. The most ciharacteristic 
change after irradiation was a shrinkage of the nuclei and the more advanced 
degeneration and fragmentation of the cytoplasm could be appreciated at a 
glance (fig. 5, Plate 19). A series of 7 cultures were exposed to mixed radiation, 
giving approximately 200 times the dose (by a rough photographic comparison) 
and these specimeiw .showed no obvious difference from the control preparations. 
It appears, therefore, that the dual phenomouou of selective action and antago- 
nism have been demonstrated in the case of in miro cultures. 

Cmchisiom. 

It is perhaps fortunate that the allantoic membrane was selected at an early 
period (1926) for the investigation of the action of homogeneous X-radiation, 
because all other forms of tissue have so far been associated with much greater 
experimental difficulties. The ultimate extension of the early results to other 
tissues was inferred from the fundamental nature of X-ray action which is 
associated with the atom and certain other features in connection with the '' time 
factor ’’ (1980, d) and the area of tissue irradiated (1930, c) have given further 
weight to this hypothesis. The histological appearances observed in some of 
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the pi^aent exporimentB furnish the first direct evidence that the dual phenome- 
non of antagonism and selective action in the allantoic membrane applies to 
mammalian tissues, to amphibian tissues, and to a culture grown in viiro.^ 
A later pap( 5 r will contain the results of a preliminary investigation with tumour 
tissues, and even now there can be little doubt of the ultimate general application 
of the phenomena under discussion. An interesting point is the existence of a 
stimulation dose for homogeneous radiation, the first change in the frog and 
mouse as well as in the allantoic membrane being a hypertrophy. 

As previously discussed, the mouse skin is about 15 times more resistant 
than the allantoic membrane to both mixed and homogeneous radiation and 
the frog skin appears to have a similar high resistance. 

It would not be possible to compare the resistance with that of the short- 
lived cells in the cultures used, but the variation in latent periods, before any 
visible change takes place, offers an interesting comparison. In the highly 
organised tissues of the mouse, presumably with a high rate of repair, several 
days were necessary to demonstrate the obvious tissue changes termed the 
biological stage of an X-ray action. The allantoic membrane, which is a tem- 
porary embryonic structure, shows definite tissue changes in 1 or 2 days (1930, a), 
and the heatt cells growing artificially in intro showed a change in a few hours. 

I wish to express my thanks to Professor C. W. Stump in connection with 
148 specimens which were sectioned in the Department of Histology. 
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EXPLANATION OF PLATE 19. 

Fig. 2. — ^Irradiated Mouse Skin (normal on right)i 

Fio. 4.— 'Irradiated Frog Skin (normal on right). 

Fio. 5.'--ln‘adiatcd (Mture(ocmtml<m ri^ note mitosis). 
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The Poteniial Difference Across the Surface Bounding the 
Unfertilised Egg of the Brmm Trout. 

By B. J. PxmPHREY, B.A., Zoological Laboratory, Cambridge. 

(Communicated by J. Gray, F.R.S. — ^Received May 2, 1931.) 

Most living cells maintain in their interior a concentration of electrolytes 
different from and, in general, higher than that of the surrounding medium. 
Most living tissues when excited or injured develop a difference of electrical 
potential between the excited or injured part of the surface and the remainder. 
It has long bemi supposed that these phenomena are related ; and the injury 
and action potentials have generally been explained by assuming a difference 
of ccmcentration between the interior and the exterior of the cell and assigning 
arbitrary properties to the cell surface to account for the sign and magnitude 
of the potentials found. 

Recently the work of Michaeiis (1927-28) and others has provided inanimate 
membranes which have some of the properties assigned to the cell surface, and 
a detailed comparison is obviously desirable. Measurements of the potential 
developed by single cells have been extremely few and in the majority of oases 
qualitative rather than quantitative. It was therefore considered of interest 
to examine in detail the bioelectrioal properties of a single cell. In this paper 
the effects of cltangos of the composition and concentration of eleotrol 3 d<es in 
the surrounding medium on the potential across the surface of the unfertatbed 
trout’s egg are examined, and it is concluded that there is a rather close 
resemblance between the behaviour of this surface and that of the negatively 
charged collodion membrane of Michaeiis. 

Matenal.~^^e unfertUised trout’s egg was chosen for these expmiments 
because it was large enough to handle easily, fairly hardy and earify pbtainable. 
Moreover, certain facts were already known about its behaviour (Qray, 1919- 
21). It consists of a sphere of yoUc surrounded by a layer of protoplasm which 
is very except for a polar cap which forms the blsstodisc. This layer in 
turn is surrounded by a Ihin but tough and elastic membrane, the chorion. 
The whole egg is about 4 mm. in diameter. The intemal conCenfxation of 
electrolytes is eqnivalmt to 0*12 M. sodium chloride. The cmly salts present 
in significant amount in the normal environment are solphates and carbonates 
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of calcium and magnesium equivalent to 0*002 M. Ca* * . This large difference 
in concentration is maintained so long as the egg remains alive.*^ If the egg 
dies, or is killed, salts rapidly diffuse out from it and a white precipitate of 
globulins appears inside it. In what follows, eggs which remained clear and 
translucent during the period of experiment are termed alive. Eggs which 
turned partially or wholly white and opaque are termed dead. 

Method . — The method of measuring the potential was a modification of that 
used by Osterhout (1928) for the large unicellular alga, Valonia. The tip of 
a micro-pipette, filled with M/10 KCl, was inserted into the egg in such a way 
as enabled an effective seal to form round the point of pimcture. Under such 
conditions the whole of the egg-surface retained its normal degree of imper- 
meability to electrolytes. In those cases in which the pipette caused irre- 
versible injury the latter could readily be detected by the precipitation of 
intracellular globulin which invariably follows the diffusion of salts through 
an injured surface. 

The difference of potential was neutralised by a slide-wire potentiometer 
using a Lindemann electrometer as a null-point instrument. An egg was 
supported in a glass vessel containing tap water and the micro-pipette con- 



tuning M/10 KGl inserted into it. The micro-pipette was connected to the 
needle of the electrometer and the tap water to the potentiometer by a pur 
of saturated calomel electrodes. The other terminal of the potentiometer 

* Analysis of eggs kept for some time in tap water suggest that there may be some 
exohaoge of Ions between the egg and its enviroomuit. 
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was oonneoted to a properly earthed sheet of metal on which all the apparatus 
was mounted. The electrometer was used with a periscope and could be 
made to give a sensible deflection for 0*5 mv. The system gave zero potential 
±1 mv. in the absence of the egg when the pipette? dipped directly into tap 
water and the contained KCl flowed out under slight pressure. Substitution 
of other solutions for the tap water had no measurable effect on the potential 
when the KCl-agar bridge was fresh except in the case of strong solutions 
of calcium and magnesium chlorides. In M/5 calcium or magnesium chloride 
the bridge became negative to the solution by 3 to 5 mv. This has been 
allowed for in tabulating the results. A fresh bridge was used for each run. 

The vessel used was designed to give effective stirring and to facilitate 
changing the external solution with the minimum mechanical agitation of the 
egg. It proved very satisfactory in both these respects. If the egg survived 
puncture it remained alive for many hours and sometimes for days in tap 
water. In the best conditions as many as half the punctures were successful. 

Sum wait (1929) measured the concentration potential across the chorion 
of Pundulus eggs and found that this membrane behaved as if almost imper- 
meable to anions. This is clearly not the case for the trout’s egg, since the 
chorion does not hinder the free diffusion of salts from an egg which has been 
killed. Attempts to remove the chorion from the egg withoait injury to the 
latter were unsuccessful. It was, however, found possible to remove pieces 
of the chorion intact and to mount them so that different solutions could be 
applied to the two sides. When the chorion separated solutions of M/10 and 
M/100 KCl, the potential difference between the two solutions, did not differ 
within the limits of error from the free diffusion potential expected. It was 
therefore concluded that the effect of the chorion could be neglected. 

Bes^dta. -The potential difference across the egg surface immediately after 
puncture was generally small and if the egg died remained small , about 5 to 7 mv. 
(In all cases, unless explicitly stated otherwise, the inside of the egg is negative 
to the surrounding solution.) If the egg lived, the P.D. changed and after 
10 minutes or so became constant generally at 13 to 18 mv. Rarely values 
as high as 40 mv. and as low as 2 mv. have been recorded. If the tap water 
in the vessel was renewed at intervals and kept stirred, this constant potential 
was maintained generally for several hours. The difference in the steady value 
observed in different eggs illustrates clearly that the potential difference 
across the oell-aarface is a function of the state of the surface itself as well aa 
of the ionic difference in concentration between the interior of the cell and the 
external fluid. For a given difference of concentration on the two sides it 

2 N 2 
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may be possible to form an estimate of the maximum potential difference 
which can be set up across a given cell surface, but it is impossible to foretell 
the value of the potential which actually exists. 

If, after a steady potential had been reached in tap water, distilled water 
was substituted as an externar medium, the potentiiil difference rose sharply 
to 60-100 mv. and then fell off roughly exponentially with time (fig. 2 a). 



The fall was at first attributed to salts diffusing from the egg sufficiently fast 
to decrease the concentration gradient at the surface. Conductivity measure- 
ments performed by Mr. Gray, however, do not indicate any measurable 
diffusion from the egg in distilled water. The fall therefore remains un- 
accounted for. The potential can be maintained at a high level apparently 
indefinitely by repeated washing with distilled water. It is certain that 
exposure to distilled water makes the eggs very much more delicate and 
sensitive to handlmg. A solution of calcium chloride isotonic with tap water 
does not have this effect. It is not yet known whether other ions can replace 
calcium in this respect. 

If a healthy egg is exposed to a saturated solution of aniline in distilled 
or tap water the egg rapidly dies, salts diffuse outwards, and the egg beoomes 
opaque. The effect of these processes on the potential difference across the 
egg memlnane is illustrated by the following experiments. An egg, after 
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puncture with the electrode, gave a steady value of 20 mv. when tap water 
was the external medium ; the latter was then changed to distilled water, 
whereupon the potential difference rose sharply to 08 mv. and then fell away 
to its original value of 20 mv. The external solution was then changed to a 
saturated solution of aniline in distilled water ; again the potential difference 
rapidly rose to a high value (see fig. 2b) and began to decrease again. In this 
case, however, the decline of the potential was marked by very distinct 
fluctuations indicating that rapid and extensive clianges were occurring in 
the permeable properties of the membrane, which clianges do not occur as 
long as the egg remains healthy. 

The potential difference across the membrane oi a dead egg was also measured 
as follows. An egg which had survived puncture was killed by a saturated 
solution of aniline in tap water and the whole of the diffusible salts in the egg 
were allowed to leave the egg until further washing with fresh tap water did 
not alter the potential. The potential then measured was found to be constant 
at a value between 20 and 24 mv.* This residual potential of the dead egg 
may be due to the presence of large ions in the egg which are unable to diffuse 
through the the surface of the egg or tlirough the chorion. In this case, according 
to the Donnan equation, it should tend to zero as the concentration of diffusible 
ions is increased. This did not seem to be the case, but possibly insufficient 
time was allowed for the system to reach equilibrium. 

The Potential Difference in varying CmwentfxUions of different Salts, 

The properties of the intact cell surface can, to some extent, be investigated 
by observing the potential difference set up by the system when the external 
solution consists of salts in known concentrations. 

L Vni-utmxdent Salts , — Solutions of sodium and potassium chlorides were 
made up in the following concentrations : M/3125, M/625, M/125, M/26, M/6, 
and applied to the live egg in that order. Solutions more dilute than M/3125 
were tried, but the potential became increasingly unsteady with increasing 
dilution and showed a tendency to fall off with time as in distilled water. The 
value shown for the potential in the most dilute solution is the highest obtained 
after repeated washing. In solutions stronger than M/3125 the P.D. rapidly 
reached a steady value unaltered by further washing. The results are shown 
in Table I. 

* The low valnet for the P.B. in tap water when the egg died as the resolt of manipulation 
(see p; 6iS) are attributed to an imperfect seal round the point of entry of the pipette. 
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Table 1. 


Concentration; 
of I 

external j 

solution. I 

M/3)25 

M/025 1 

M/125 1 

M/26 : 

I 

M/6 1 



Sodium chloride. 


Potasaium chloride. 

Potoutial differenc-o 
()lj«erved. 


1 

1 Average 

1 P.D. for 

i 

L _ 

PoUuitial difliorence 
[ olworvod. 

Average 
P.D. for 
c,/c,=6. 

Kgg 1. 

1 Kgg 2. 


• ! Egg 4- 

-32 

i -30 . 



-55 

1 i 

1 - «3 



; 1 


10 -5 ; 


i s 

23 0 

-20 

, -21 -j 

I 1 

i j 

-34 

i -38 < 



1 1 


10 6 ! 


1 Si 

18-5 

- « 

' -11 i 

1 


IS 

! n || 



: 1 


8 0 ; 



9-5 

- 2 


f 


— 8 

- 8 / 



! 1 


2*0 1 


f 

1 4-0 

0 

i 0 J 

1 

1 

1 i 

^ 4 

; - 4 J 

i 


The sign is that of the inUirior of the. egg with reference to external solution. 


The figures in the first two columns are actual rc^adings to the nearest milhvolt ; 
the sign is that of the interior of the egg. The figures in the third column for 
each salt are the average changes of potential for each increase in concen- 
tration. For the sake of clarity the results of only two runs are shown for 
each salt. In most cases more experiments were done with nearly identical 
results. In one or two cases the change of potential was substantially less 
than the average, and approximated to the values found for the dead egg 
although the egg appeared to be healthy. These results have been discarded. 

It was found possible to ol)tain substantially the same results £rom a second 
run with the same egg, but in the second run steady readings were only obtained 
after more prolonged washing. This is probably due to the fact that yolk 
tends to be sucked up into the pipette and the egg gradually slxrinks away 
from the chorion, leaving a space containing solution which may take some time 
to come into equilibrium with the external solution. 

Similar experiments were made with eggs which had been killed with aniline 
subsequent to puncture and then allowed to reach a constant potential in 
tap water. The change of potential with increased concentration was con- 
siderably less than for the live eggs (fig. 3). The readings were taken as 
rapidly as possible and it is probably safe to assume that no appreciable change 
in the internal concentration of the egg took place during the run. 

The results indicate that the surface which is responsible for the observed 
potential differences behaves as though it were more readily traversed by 
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cations than by anions, and this conclusion is supported by the results of similar 
experiments carried out with sodium and potassium sulphates instead of 



loSjaCoCla 
Xte. & 


In these three graphs the potential difference is plotted against the logarithm of the 
activity. The activity factors were obtained by interpolation from freesing point 
data (Qlasstone). 

chlorides. It will be noted (Table II and fig. 4) that the change of potential 
caused by a fivefold change in molecular concentration is higher than that 
produced by the corresponding chlorides. 
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Table H. 



Sodium sulphate. 

Potassium sulphate. 

Clonoentratiun 

of 

Potential difference 



Potential difference 


external 

solution. 

observed. 


Average 
P.D. for 

observed. 

Average 
P.D. for 


Egg 5. 



Egg "• 

Egg 8. 

Ci/C,*e»6, 

M/3126 

-30 

36 . 


18 0 

-36 

-48 . 

260 

M/626 

-14 

-16 . 


‘ 180 1 

^ 10 

- 24 / 

23 0 

M/126 

4- 4 

+ 2 ^ 


1 

11 0 

4-12 

0 / 

16*0 

M/26 

-1 13 

+ 16 . 


i 

1*6 1 

■i 27 

4 17 / 

70 

M/6 

f 14 

+ 17 J 


, j 

1 i 

+34 

1 

4-24 ^ ; 

I 

1 

i 


Tho sign of the P.D. is that of the interior of the egg with reference to the external solution. 


la contrast with the effects of salts with uni-valent cations are those obtained 
with the chlorides of calcium and magnesium. In these cases the minimum 
difference in potential is reached at concentration of about M/126, and any 
further increase in concentration either does not alter the potential or renders 
the interior of the egg more negative. This is true both for the living and the 
dead egg. 

Table III. 


Concentration 

of 

external 

solution. 

Calcium chloride. 

Blagnasium ohlori 

Potential difference 
observed. 

Average 
P.D. for 

Potential dlffeienoe 

ob»erv«d. Awnm 

P.D. for 


Egg 9. 

Egg 10. 

e,/c»-.6. 

Egg U. 

C|/ef«tt6. 

Egg 12. 

i 

M/3126 

-31 

-34 ^ 


-38 

-41 




10*0 


11*6 

M/626 

-21 

-22 1 


-27 

-29 




90 


10*6 

M/125 

-12 

-13 4 


-17 

-18 



V 

0 0 


-1*6 

M/26 

-12 

-18 / 


-18 

-20 



\ 

-70 


-40 

M/6 

-19 

-18 J 


-21 

-25 


The sign of the P.B. is that of the interior of the egg with r^iwnoe to the estemal aolntioii. 
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In view of the resulte obtained by Fujita (1925) with protein membranes 
and by Amberson and Klein (1927-28) with the dead frog skin, it is important 
to note that the potential difference across the egg surface is peculiarly insensi- 
tive to variations in the hydrogen-ion concentration of the external solution. 
Solutions of M/10 KCl were buffered to 7 *4, 6*0 and 4*5 with N/lOO mixture 
of KHjPO^ and KjHPOi and appUed successively to the external surface 
of the saini* living egg. The observed potential was the same in each case 
within 2 mv. 

Discmsimi, 

In attempting to define the properties of the egg-surface it should be 
remembered that no Bigiiificance can be attached to the absolute values for the 
potentials measured since the system is asymmetrical, (‘onsisting of a chain 
which can b»' represented diagrammatically as follows : — 

cal, J cell KCl KCl i yolk i protoplasm external j KOI i caL J cell, 
(sat.) (N/IO) : I ' solution (sat.) 

A B C 

There may be potentials at the junctions A, B and C and the P.D. which is 
actually measured is the sum of these. It is impossible to estimate the sign 
and magnitude of any one individually. From the general consistency of the 
results, however, it seems probable that the potentials at A and B once 
established remain constant during the experiment and that changes in the 
potential of the chain when the external solution is changed depend solely on 
changed conditions at C. 

During recent years the effects of certain inanimate membranes in modifying 
the diffusion potential between two different solutions of electrolytes have 
been studied by various authors. These effects have been shown to depend 
partly on the size of the pores and partly on the capacity of the material 
composing the membrane to combine with or adsorb preferentially ions of one 
sign, thereby acquiring a charge. The effect of this charge must be ,to repel 
ions of the same sign and it is supposed that when the size of the pores 
approaches ionic dimensions the repulsion is sufficient completely to prevent 
their penetration. Practically it has been shown that for dilute solutions of 
uni-univalent electrolytes the diffusion potential across the finest pored 
collodion membranes is such as would be expected theoretically if anions were 
unable to penetrate. 

From an inspection of the table for uni-univalent electrolytes above, it is 
obvious that the surface of the trout’s egg resembles in its behaviour a collodion 
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membrane which approaches but does not reach the limiting condition of 
complete impermeability for anions. In view of the fact that, under normal 
conditions, the rate of exosmosis of salts from a living egg is extremely slow, 
it follows that although cations traverse the membrane with greater ease 
than do anions, yet the absolute velocity of both must be very low. 

The surface of the trout^s egg resembles the collodion membrane and differs 
from the protein membranes which have hitherto been described in that the 
concentration potential across it is not appreciably affected by change of pa 
(provided the concentration of hydrogen ions is small compared with that of 
other cations). It is therefore probable that the surface layer does not consist 
of proteins as has been supposed by some authors. Amberson and Klein 
(loc. cit.) found that for frog skin killed by exposure to acid solution changes in 
Pa had a very marked effect both on the concentration potential and the rat<^ 
of electro-osmosis across the skin, the sign of the former and the direction of 
the latter being reversed at about p^ 5. It seems likely, however, that in 
the dead skin, at any rate, the electrical properties are determined by the 
intercellular matrix. 

Theoretically, it would be expected that if the condition of tht^ membrane 
remained unchanged, the change of potential for a fivefold increase in activity 
should be constant over the whole range of concentration, i.c., the potential 
difference should be proportional to the logarithm of the activity of the external 
solution. It is evident that this is not the case. As the concentration is 
increased dE/d 1 n a decreases. This is true for all the salts but is most evident 
for those containing bivalent cations. The same phenomenon was observed 
by Michaelis for uni-univalent electrolytes with the collodion membrane. 
It seems reasonable to suppose that it is due to a reduction of the total negative 
charge on the surface layer by the increasing absorption of cations as the 
concentration is increased. If the concentration of cations in the external 
medium is sufficiently large, the membrane may carry a positive charge and 
in this condition the cations in the environment will be repelled whilst the 
anions can traverse the membrane, thereby rendering the lower concentrations 
electronegative. This discharge of the membrane is precisely analogous to 
the discharge of a gold sol, for example, by cations, and the effects of l)ivalent 
cations are evident in both cases at much lower concentrations than the effects 
of univalent cations. This explanation has not yet been put forward for the 
decreased potential across the collodion membrane in strong soiutionSv 
Michaelis’ measurements (Weech and Michaelis) of the diffusion potential 
across the collodion membrane in calcium chloride solutions were made for 
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one pair of concentrations only and he attributes the low potential found to 
the large sue of the hydrated Ca** ion. Measurements at other concentrations 
are necessary before this can be accepted as final. 

The smaller change of potential with increased concentration when the egg 
is dead is possibly to be attributed to an increase in the size of the pores since 
diffusion across the surface is relatively very rapid after death. 

Summary. 

(I) Thee.m.f. across the surface of the trout’s egg is 13“18 mv. when the 
external medium is tap water and from 60 -100 mv. when it is distilled water. 
In both cases the interior of the egg is electronegative. 

(II) Wlicn tlic cell is dying the e.m.f. fluctuates. This fluctuation is most 
apparent in distilled water. 

(III) When the external medium is a dilute solution of a non-toxic salt the 
e.m.f. is a linear function of the logarithm of the activity. The gradient is 
characteristic of the salt used and its sign is that which would be expected if 
the surface was more permeabh; to cations than to anions. 

(IV) The e.m.f. is independent of the pa between 7*4 and 4*5. 

(V) There appears to be a similarity between the surface of the egg and the 
molecular seive membrane of Michaelis. An explanation is suggested for the 
anomalous effect of salts in high concentration on the e.m.f. observed. 

This work was carried out with the assistance of grants from the Department 
of Scientific and Industrial Rc-seanh. the Government Grant Committee of 
the Royal Society and the Governing Body of Trinity Hall, to whom I wish to 
express ray gratitude. My sincerest thanks are due to Mr. James Gray for 
suggesting the problem and for advice and help throughout. 
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The Heai-temion Ratio in Prolonged Tetanic Contractiom. 

By T. P. Feno.* 

(From the Department of Physiology and Biochemistry, University College, IxJiidon.) 

(Communicated by A. V. Hill, F.R.S. — Received May 20, 1931.) 

It was found by Hartree and Hill (1921) that in tetanic contractions of 
various durations the relation between heat lilx^rated and duration of stimulus 
soon becomes linear ; from the slope of the curv e relating the two variables the 
absolute values of the heat production were calculated, per centimetre length 
of muscle, per gramme weight of tension maintained, per second of stimulus, 
in contractions at various temperatures. No observations, however, were 
made with tetani longer than 2 seconds. 

The isometric time coefficients of lactic acid formation and of phosphagen 
breakdown (subsequently denoted, following Meyerhof, by the symbols 
and Kz(i») respectively) have been determined by various workers and sum- 
marised by Meyerhof (1930, pp, 102, 234, etc,). Recently, however, the 
existence of delayed lactic acid formation following a tetanus, long maintained 
by Embden and his school, has been confirmed by Meyerhof and his colla- 
borators (1931), who failed to do so in several previous investigations. Lunds- 
gaard (1931) also has found that the anaerobic delayed lactic acid formation 
following a 5-8econd tetanus may be over one-half of the total lactic acid set 
free. When there is a delayed lactic acid formation amounting to as much as, 
or more than, 100 per cent, of that occurring during the contraction proper, 
it is obvious that the values of K;(L) and lack significance unless the 
time from the end of the stimulus at which the chemical detenninations are 
made is specified. The older chemical investigations mentioned thus require 
revision, which has been given in a recent paper by Meyerhof and Schufr 
(1931). 

In myothermic studies the measurement of heat by the method of maximum 
deflection minimises the complication of delayed heat production, which latter, 
moreover, is much smaller than would correspond to the delayed lactic acid 
formation, since in all probability it represents the surplus energy of lactic 
acid production unused for phosphagen resyntheais. Now that more precise 
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chemical data are available, it seemed desirable to extend Hartree and Hill’s 
work to longer tetani and to see how far we can carry the correlation between 
thermal and chemical moasurements. The present study covers durations of 
tetanus from 2 to 20 seconds at 20° C., while at 0° C. observations have been 
made on tetani as long as 10 minutes. 

I.— The Normal Tension Heat Ratio in Lono Tetani at different 

TkMPBRATUREvS. 

The experiments were madf* mostly on the sartorii of if. esc. and JB. temp. 
For comparison, other species of frogs and semi membranosus muscles were 
used in a few experiments. At 20" C. nearly all the observations were made in 
nitrogen, at lower temjieratures mostly in oxygen. The liberation of recovery 
heat being very slow, esjiec'ially at low temi>eratures, the presence of oxygen 
dotyj not appreciably affect the measurement of the initial heat. Stimulation 
was direct and of a frequency low enough to avoid the failure of excitation 
which occurs in a prolongexl tetanus with too higli a frequency. At 20° C. 
a Neon lamp stimulator (sec Briscoe and Leyshon, 1929) was used to give a 
series of condenser disidiarges at a frequency just suffiiuent to cause complete 
fusion of individual responses. At low^er temperatures a lower rate of stimu- 
lation was used and a rotating contact Vireaker of the type described by Gerard, 
Hill and Zotterman (1927) was employed. The heat was me^isured by the 
maximum deflection method with thermopiles of the type described by Hill 
(1928). Tension was recorded simultaneously on a smoked drum by a torsion 
lever of the usual typ<\ 

There is no difficulty in measuring the large heat jiroduction, even of a 
tetanus lasting^as long as 20 seconds, by the maximum deflection method ; the 
thermopile-galvanometer system must only be made sufficiently insensitive 
and slow. In the present experiments a Kipp moving coil galvanometer (Z^.) 
was used, shunted by a low resistance^ ; for tetani longer than 5 seconds the 
surface of the thermopile was covered by a very thick layer of paraffin wax. 
To reduce the sensitivity still further m experiments at 20° C, a suitable 
resistance was introduced into the circuit. The proportionality of deflection 
to heat production may be tested on the dead muscle by electrical heating ; 
a linear relation between the duration of a constant heating current and the 
wiaximiim deflection obtained should exist up to a time of heating as long as 
the tetanus to be investigated. 

• To reduce its sensitfviiy and, by overdamping, to make it slower. 



524 


T, P. Feng. 


The results at 20° C. are summarised in Table I. In the expression Tft/H, 
T is the mean tension in grammes weight developed and maintained ; I is 
the period of stimulation in seconds ; I is the length in centimetres of that 
portion oi the muscle which is calibrated for the heat measurement, and 
H is the heat liberated in gramme centimetres. The ratio has the dimension 
of time, and although it has no exact physical meaning it represents in a 
general way the time scale of the muscle under the conditions of the experi- 
ment. Slower muscles give a greater value of the ratio and maintain a con- 
traction more economically. The expression is employed chiefly for con- 
venience in that it affords a ready comparison with the chemical findings of 
Meyerhof’s laboratory. It may be called the isometric time coefiioient of 
heat and represented by the symbol 


Table I.— The Isometric Time Coeifioient for Heat (Ka(H, ; Tft/H) of Normal 

Muscles at 20*3° C. 


! 

Bpeoies of frog. 

1 ! 

Muscle. 

i 

i : 

[ Duration of ' 
.stimulus. 

1 

Number of 
oxporimonts. 

j Average 
TUIK. 

\ 

i 

Small Dutch Ji. cac 

Sartorius j 

BiHionds 

1 10 ! 

2 

lOO 

»» 


20 

2 

1*00 

»» j 


0 

4 j 

0*89 

Large Hungarian H. tsc 1 


5 1 

2 

M9 

Sm^ Dutch R. esc j 

ff 

2 i 

3 

0*78 

Xeriopw lavis (S. Africa) 

»» 

2 

2 I 

0*97 

*♦ 

Small Dutch R. esc 

Semi-membranosua j 

2 

1 

0-91 

»» ! 

2 

■ 2 1 

0-70 

English R. temp 

»» i 

2 1 

2 1 

0-72 

Large Hungarian R. esc 

Sartorius 

2 

2 

1 0*86 

English R. temp 

1 

2 

8 

1 1*00 

1 


Comparing the 2-second tetani for the several species of frogs and the two 
types of muscle, it appears that the sartorius of J?. temp, is somewhat more 
economical in maintaining a tension than the sartorius of R. esc., but on the 
whole the agreement throughout the series is astonishingly close. The higher 
coeflicient for R. temp, is perhaps to be related to the observation recorded in 
the next section, that its sartorius is better able to give long tetanic con- 
tractions than that of R. esc. The Kx(H) for semi-membranosus muscles is 
somewhat low, but this may partly be due to less perfect registration of tension 
on account of the shape of the muscle. 

The values in Table I of Tfo/H for different durations of tetanus (2, 6, 10 
and 20 seconds), as shown by experiments on sartorii of R, esc* we very similari 
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increasmg a little with increase in the duration of stimulus. These results 
may be plotted in a curve relating H/Ti to duration of stimulus t, Th^ relation 
obtained (which for short will be called the heat-duration curve) was approxi- 
mately a straight line, showing that the change in the reciprocal ratio Tft/H 
with increasing i is entirely determined by the nature of the energy regulation 
in a prolonged contraction as defined (for all but very short times) by the 
equation 

H/TI ^A + BL 

The slope of such a line gives directly the heat in gramme centimetres per unit 
of tension-length maintamed per second of stimulus, which in the case of the 
sartorii of R. esc, at 20*3° C. is 0*93, agreeing very well with the value of 0-92 
found at 20° C. by Hartree and lEll 10 years ago with very different instru- 
ments. Several experiments, however, at 0° C. similarly plotted gave a slope 
of O' 11, widely different from the value found by Hartree and Hill, 0*17, at 
the same temperature. The reason for the discrepancy Ls as follows. Owing 
to thf‘ fact that the muscle at 0° C. is very much slower than at 20° C. a 2-second 
tetanus at 0° C. is equivalent only to one of about 0-2 to 0-3 second at 20° C. 
The heat-duration curve in its very early portion (see fig. 1) has a steeper 
slope, and to attain true linearity at 0° C. longer durations are necessary. 
Hartree and HiQ stopped at a 2-8econd tetanus for all temperatures and the 
slopes at the lower temperatures obtained by them are too great, the more so 
the lower the temperature. It follows also that the temperature coefficient 
2 '3, given by them, is too small and requires correction. With this in view a 
fresh series of experiments on the sartorii of R. temp, was carried out at five 
different temperatures. One muscle pair was used for one temperature only 
and given a series of tetani of increasing durations from 0*46 second to 7 
seconds at 20° G., and from 3 seconds to 21 seconds at 0° C., with intermediate 
ranges of duration for the intermediate temperatures. With the ranges of 
duration used in these experiments the heat duration curves are practically 
straight lines from the beginning. On account of the increased economy with 
which tension is maintained after a certain amount of previous activity (see 
next section), there is a tendency, after a series of stimuli, for the curve to 
flatten out a little towards the end. In finding the slopes the straight portions 
only are considered. The values obtained, therefore, represent the condition 
for fresh muscle. Table II gives the slope of the H/T/ duration curves in the 
various experiments at the different temperatures, and fig. 1 (inset) relates 
the logarithm of the diopo to temp^ture, giving sufficiently closely a straight 
fine. The mean temperature coefficient is 3*1 (instead of the 2*3 given by 
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Table II. — Slopes of the lines relating H/Tl to duration of Stimulus 

in Normal 


Muscles (JR. tenip,) at various Temperatures. 


0^ c. 



10" V : 

15 C. 

2<T C. 

lAA muscle 



(0116) 

0 134 

o-m 

0*2r»2 j 

0-35 1 

0'78 

(0*004) 

0*103 

0*147 

0*306 1 

o.'Hi ; 

0'94 

(O-IW) 

0 100 

0*214 

0 33 

0*,5S 

0-07 

■ 

0 102 

0 22 ; 

0'«1 

0'9l 




n-27 

0*71 

0'93 


j 

1 


j 0*33 

0*74 j 

— 

Mean O' 10.5 

; 0'112 i 

0*172 

1 0 .30 ' 

! 

O' 59 ! 

! 

O'Ol 


Hartree and Hill (1921) ), with the aid of which the mean slopes at different 
temperatures may be smoothed and classified as follows : — 

Temperature, 0 5 10 15 20 25 

Slope 0-094 0-165 0*291 0*516 0-903 [1-59] 

A change of temperature may be regarded in this connection as affecting 
merely the time scale of the contraction and of the associated liberation of 
energy. Wlien a muscle is stimulated for 1 second at 20® C. it will give just 
the same ratio H/TJ as when stimulated for 3-1 second at 10® C. or for 9-6 
seconds at 0® G. An actual time of stimulation t at any given temperature 0 
corresponds to a certain “ reduced ’’ time Cq at 0® C., the relation being simply 
i (3-l)^^'‘\ the number 3-1 being the temperature coefficient for 10® C. 
In fig. 1 all the experiments performed at temperatures from 0® to 20® C. are 
shown together by the device of plotting H/Tl not against the actual time t 
of stimulation, but against the “ reduced '' time We see that they lie 
very consistently upon or near a single line which becomes straight after a 
‘‘ reduced ” time of about 6 seconds. To find the value of H/Ti for any time 
of stimulation t at any temperature 6 all we have to do is to calculate 

and to look up H/Tl for time in fig. 1. The isometric time coefficient 
can immediately be calculated by dividing t by H/T2. 

By such means it is possible to compare the relation of tension to heat with 
that of tension to lactic acid production (or phosphagen breakdown). It is 
necessary merely to know the value of the caloric quotient (heat per gramme of 
lactic or phosphoric acid) in order to pass directly from E,(H) to Kfd) or Ec(P). 
Conversely from a knowledge of the heat coeffici^t and the lactic add (or 
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Fici. 1. — Absolute values of H/Tf at five different temperatures, plotted against duration 
of stimulus expressed in terms of ** reduced ’’ time, defined by the equation, 
sa where t is the aotuai duration of tetanus at anj" temperature 6 and 3* I 

is the mean temperature ooefiSoient. Each point obeerved is the average taken from 
several experiments at the temperature in question. Note that for all temporaturss 
the pomte lie oiror near the same curve and that the curve becomes a straight line 
altet about 6 seconds ** reduced ** time. It can safely be extrapolated for a single 
tetanus of a frtmh muscle for as long as 20 seconds at 20^ C., or to a ** reduced ** time 
of about 200 seconds. For convenience in calculation the slope of the curve may be 
taken as 0*094 over its linear portimi and the following table of ** reducing ** factors 


may be used : — 

Tempeirature ^ C 1 2 3 4 6 fi 7 8 9 

1.12 1.25 1*40 1*57 1-76 1*97 2*21 2*47 2*77 

Temperature • C 10 11 12 13 14 16 16 17 18 

(3-l)^/W 3*1 3*47 3*89 4*36 4*87 5*48 6*ll 6-82 7*68 

Tempemture ** 0 19 20 21 22 23 24 25 

(3-iyno 8*6 9*6 10-8 12*0 13-5 15*1 17*0 


inssl. — The logarithm of the slope of the curve averaged for each temperature 
plotted against the temperature, to give the mean temperature coefficient 3*1. 

2 o 
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pliosphagen) coefficient it is possible to dedace the corresponding caloric 
quotient. Take, for example, the recent determinations by Meyerhof and 
Schulz (1931) of K;(L), in which the lactic acid measured includes that which is 
delayed in its appearance. This coefficient is the ratio of Tit to the f-otcd 
lactic acid which appears as the result of stimulation. It might be objected 
that the heat determined in the present investigation and shown in fig. 1 is 
initial heat, while total anaerobic heat is required. The delayed anaerobic 
heat, however, unlike the delayed lactic acid, is only a small fra(5tion of the 
whole — ^probably about 10 per cent. — and a correction can be applied if wanted 
by adding 10 per cent, to the heat read off from fig. 1 before calculating K^(ii). 

At 4° C., for example, Meyerhof and Sohulz give (1931, Table IV) K*(l) — 120 x 10* 
for a 4 to 6 second tetanus. Multiplying this by 0-69* to correct for the oblique fibre 
arrangement of the gastrocnemius we obtain K«(i.) = 83 x 10*. A tetanus of 5 seoonds 
at 4® C. is equivalent to one of 6 X (3* 1)*^^® = 7*86 seoonds at 0° C., for which, from fig. 1, 
H/Tf ^ 1*15. Adding 10 per cent, to this to allow for the delayed anaerobic heat we 
get Htoui/Tl — 1*27. Thus K«(h) 5/1*27 = 3*94. Hence the oalorio quotient is 

83 X 10*/3*94 g. cm. or 83 x 10*/3*94 x 42650 » 492 calories per gramme of lactic 
acid. At 18® C. Meyerhof and Schulz (1931, Table VI) give K*(t) == 36 x 10* for a 1 to 
2 second tetanus, which, corrected for the oblique arrangement, is 25 x 10* ; 1*5 second at 
18® C. is equivalent to 1*5 (3*1)^*'‘® 11-5 seoonds at 0® C. ; for which, from fig. 1, 

H/Tl SB 1*49. Adding 10 per cent, to allow for delayed anaerobic heat we have 1*64, 
so that K,(h) =» 1*5/1*64 0*915. Hence the oalorio quotient is 25 x 10*/0*916 x 

42660 636 calories per gramme of laotic acid. These high values, 492 calories and 636 

calories respectively, of the caloric quotient for lactic acid are easily intelligible, since in 
such short tetani a large part of the energy is supplied, not by laotic acid fonnation, but by 
phosphagen breakdown. Another result given by Meyerhof and Sohulz (1931, Table VIII) 
is not BO readily explained. At 18® C. they give for a 10 second tetanus the value 69 x 10*. 
or corrected for fibre arrangement, 47*6 x 10*. The “reduced” time is 10 x (3*1)^*^^® 
» 76*7 seconds. Assuming that for longer times the line in fig. 1 remains straight the 
value of H/Tf for 72*2 seoonds is approximately 7*1. Adding 10 per cent, we obtain 
7*8. Thus K,(m) = 10/7*8 = 1*28. Hence the calorie quotient is 47*5 x 10*/1*28 
X 42650 a: 870 calories per gramme of lactic acid. It is difficult to see how the caloric 
quorient can be so high in a long tetanus in which presumably the greater part of the energy 
is supplied by lactic acid formation. We should expect it to be about 400 calories. 

The carve of fig. 1 could be usefully employed, in conjunction with a series 
of simultaneous determinations of lactic acid and phosphagen in an isometrio 
tetanus, to determine the true caloric quotients of both. Let Ql be the heat 

* Added June 27, 1931. — This number is probably too great. Eeoent direct measure* 
ments by Professor A. V. Hill of the ratio T2/H in the twitches of a gastrocnemius have 
given a value of about 11 or 12, whereas for the sartorius it is about 5. The factor must 
be 0*4 to 0*6. This will somewhat alter the calculations given: for example, with a 
factor of 0*46 instead of 0*69, 870 calories will become 567 calories*-^ more reasonable 
figure. 
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due to tlie liberation of 1 g, of Uustio acid, Qp tliat due to the liberation of 1 g. 
of H 8 PO 4 from phosphagen. Let H be the lieat and Tl the tenaion-length, 
L the lactic acid set free and P the phosphagen broken down, in the same 
contraction. Then, denoting the first experiment by suffix 1, 

LxQl + P iQp Hj. 

Now, given the time of stimulation, the temperature, and the observed value 
of Tly H can immediately be calculated from fig. I. We have, therefore, 
two unknowns, Qi and Qp, and need another equation. This is obtained by 
stimulating for a very different time, so that the relative values of L and P 
are altered. We obtain 

LgQj, + P 2 Q 1 * — H 2 . 

These two equations can be solved to give the true caloric quotients Qj, and Qp. 

II. — The Change op the Tension Heat Relation with the Amount 
OP Preceding Activity. 

In the experiments on 2 - 8 econd stimulation given in section 1 of this paper 
successive 2 «Becond tetani were usually given in nitrogen at intervals of about 
3 minutes until the muscle was nearly exhausted. For the averages of Table I 
only the first one or two observations in each series of such experiments were 
used. This was quite necessary, since the ratio Tfe/H increased appreciably 
in the course of the series. This change in the “ economy ** of maintenance of 
tension is clearly shown in fig. 2 below, where the values of Tft/H in successive 
2 - 8 econd tetani are plotted against the amount of heat liberated in all preceding 
activity. The curves generally show an initial drop which, however, is 
usually small, asKl it is doubtful if much significance is to be attached to it. 
The rise in the later part of the curve is a regular feature. 



0*2 CH 0« 0*8 H) 0*2 04 Oe 0*8 ^0 


Fio. 2, a and of K«(h) with amount of preceding activity, the latter being 

^neaauved by the amount of heat in calories per gramme previously liberated, in a 
aeiies of 2-seoond tetani. Sartorii of B, esc, at 20*3^ CX 


2 o 2 
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In the series of 2-8eoond tetani studied, an average rest interval of about 
3 minutes was interposed between successive observations. During this time 
anaerobic recovery, in tlie sense, of phosphagen resynthesis at the expense of 
delayed lactic acid formation, must be going on. It was to be expected that 
the rise in the curve would be more striking if such rest periods were eliminated 
altogether. Experiments with continuous stimulation lasting for several 
minutes were made to test this. Since at 20° C. it is not easy to get a muscle 
to maintain its full tension, even in a 20-8econd tetanus, recourse was had to 
lower temperatures. At room temperatures, 13° to 16° C., with a rate of 
stimulation barely sufficient to produce initially a complete tetanus, tensiou 
may be quite well maintained for about 1 minute, while at 0° C. half of the 
tension initially developed may be still maintained after 5 minutes continuous 
stimulation. 

The sartorii of R, temp, were able to maintain tensions longer than thost* of 
R, esc,f at any rate in February, and the former were employed in most experi- 
ments of this series. 

Nine experiments at 13° to 15° C. with 2 minutes and three experiments 
at 0° C. with 10 minutes of stimulation were carried out. In each case the 
total heat was recorded by reading the deflection at 6 second or 12 second 
intervals, and analysed by a 6 or 12 second heating control by the method 
described in detail by Hill (1929). The tension record was divided into 6 or 
12 second blocks as required and the mean value for each block was measured. 

One technical detail may be of interest. The heat production to be measured 
is large, and in order to keep the spot of light on the sc4ile the recording system 
has to be made rather insensitive. For sharp analysis, however, the galvano- 
meter must be critically but not over-damped, and the response of the whole 
recordmg system must be kept as quick as possible. Low sensitivity must be 
combined with rapidity of response. This is achieved by the simple procedure 
of interposing a resistance between thermopile and galvanometer and shunting 
the former instead of the latter, allowing only the desired fraction of the current 
developed to pass through the galvanometer. By this means the damping 
of the galvanometer is not increased and its speed of movement is unaffected. 

The restilts of four such experiments are shown in fig. 3, two at room tempera- 
ture and two at 0° C., the average tension during each interval being plotted 
on the tension curve, the total heat in each interval being given as a block iu 
the heat curve. In fig. 4, a and 6, corresponding to the experiments in fig. 3, 
a and 6, are curves relating TI A^/ AH to the total heat produced in aU preceding 
activity, up to the middle of the interval in question. Here Ti is the average 
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tension-length maintained daring the interval At in question and AH is the 
heat liberated in that interval. After the first interval the ratio is obviously 


40(H 



Tim« : miriutes Time; minutes 



Time: minute* Time, minute* 

Fio. 3, a and 6. — Sartoriua of R. Ump» at 0*" C. 10 minutes oontinuous totanuR. Heat 
analysed in unite of 12 seconds. Heat in oach interval shown by a vertical block ; 
mean tension in each interval by a circle. At the point indicated by the arrow, heat 
and tension both became small and their measurement uncertain, r, Sartoriua of 
R, temp, at 13® 0. 2 minutcM tetanus. Analysis in O-second unite, d, Same at 16® C. 

independent of the heat liberated in the process of developing, as distinguished 
from maintaining, tension. In all cases, after an Initial constant phase lasting 
to about half exhaustion, there is a striking increase in the economy of main- 
t<»n*Tine of tension, which at 0® C. may be as great as fourfold. At the point 
shown by the arrows in fig. 3 the muscles had become practically exhausted 
and the ratio of tension to heat become rather indeterminate, tending, however, 
to deozeaae somewhat owing to the failure of the muscle. The curves of fig. 4, 
o and 6, are not cmith&ued beyond the arrows shown in fig. 3, a and b. These 
results confirm and extend those obtained when the muscle was given a series 
of 2-seoond tetani with intervals between. 

It is well known that as a muscle is fatigued it becomes slower. This slowing 
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in the response of tho muscle was evident in the tension records of most exi)eri- 
ments. Thus the last few of a series of 2-second tetani usually showed a 



Fig. 4, a and re«ulta of fig. 3, a and 6, plotted to show the change of T/Af/AH 

with the amount of preceding activity, as measured by the heat in calories per gramme 
liberated up to the middle point of each interval. Tho heat analysis was in units of 
12 seconds, T is the mean tension exertefl during any given interval ; A< is the 
length of the interval (12 seconds) ; AH is the heat liberatt?d in the interval. 10 
minutes continuous tetanus at 

spreading out of the falling limb of their tension curves. In a long-continued 
tetanus little teeth which may appear on the record during the early portion 
of the tension curve, due to just not complete fusion of individual twitches, 
gradually disappear. There is no doubt that this slowing of the muscle with 
the onset of fatigue is the cause of the increasing economy observed. The 
same phenomenon has already been discussed by Bronk (1930) for the case of 
frogs’ muscles and by Bozler (1930) for the casf? of the retractor of the pharynx 
of the snail. In the latter muscle the increased economy of maintaining tension 
shows itself much earlier and reaches a much higher degree. 


III. — The Effects of PoisoNiNti with Iodo-Acetic Actd anp of Cukaki- 

SATION ON THE TENSION HkAT RELATION IN A TeTANOS. 

This group of experiments was made on the sartorii of R, tsc. Heat was 
measured by the maximum deflection method as in section 1 above, lodo- 
acetic acid and trimethyl-octyl-ammonium iodide were administered by 
soaking the isolated muscle, while cutare was usually first given by injection 
and then* again by soaking when the muscle was mounted in its chamberv 
Table III gathers together the results of the experiments made at 20* 3*^ C, 
For curarised muscles and for muscles treated with the ammonium salts no 
control observations were taken, in the .sense that the values of Tft/H were not 
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Table III. — ^Values of the Isometric Time Coefficient for Heat in Muscles 
treated with Trimethyl-octyl-ammonium Iodide, with Curare and with 
lodo-acetic Acid. All 2-8econd tetani at 20 •3'’ C. 


(Jonditiou. 

Date of 1 
experiment. | 

1 

Ttt/H 1 
average, j 

Remarks. 

0-08 {ter cent. Ami for 30 
miiiuieft 

0*05 per cent. Ami for 40 
minuteff 

0 04 per oeni. Ami for 30 
minuten 

0*08 per cent. Ami for 30 
mmutett 

January 20 
(No. 1) 
January 20 
(No. 2) 
January 19 
(No. 1) 

January 19 
(No. 2) 

0-75 

0*76 

1 0*85 

i 

1 0-65 

Inability to maintain tension evident. 

Inability to maintain tension evident, 
though not so marked as No. 1. 

Impaired ability to maintain tension 
b^ly perceptible ; doubtful whether 
muscle really poisoned. 

Veiy pronouncf^ inability to maintain 
tension. 

12 mg. curare per 100 c.c. 

January 21 

0-86 

Tension well maintained. 

for 85 minutetf 

(No. 1) 




Inject^od 1 c.c. 0-25 pt^r 

January 22 

0*78 

TeiiHion well maintained. 

cent, curare and subse- 

(No, 2) i 

1 

1 


quent soaking in 18 mg. 

! 




per 100 c.o. solution 



i 


Injocted 1 *50.0. 1 per oeni. 

1 January 23 

0*80 

Tension well maintained. 

curare 

1 1 

j 



1/1 6700 lAA, 43 minutOH.... 

January 5 I 

0-83 




; (No. 2) 

(0*82) 



1/167(K) lAA, 42 minutos . . 

January 5 

0*60 


Numbem in brackota below the TUjH 


(No, 1) 

(0*66) 


ratios for TAA muscles are Cfmtrol 

1/16700 lAA, 43 minutes.... 

t January 2 

0*68 


^ ratios before introduction of lAA. 


! (No. 1) 

1 (0*57) 



1/16700 lAA, 43 minutes. 

i January 1 

1 0*87 




! (No. 5) 

1 

• (0*87) 

i 

J 



measured previously on the same muscle. The values found, however, ate 
clearly within the normal range of variation. In muscles poisoned with iodo- 
acetic acid controls were made, the ratio before and after iodo-acetic add 
being practically the same. This result confirms Fischer (19,31), who found 
T/H for a O'fi-seoond tetanus to be unchanged in an iodo-aoedc muscle. On 
iodo-acetic muscles experiments were also made at C. to obtain the slope 
of the heat-duration curve. They give the same slope as nonnal mnsdes. 
For convenience them; results have been included in Table II. It may be 
worthy of note that a higher iodo-acetic acid concentration is required to 
poison a muscle at 0*° C. than at 20° C. for a given duration of soaking. With 
the aatne concentration the period of soaking must be considerably lengthened, 
more than one would expect from the effect of t^perature on the velodty 
of diffusion, so presumably some reaction of the substance with the muscle 
is involved. 
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Miiades even heavily ourariaed maintain tension in a long tetanus at least 
as perfectly as normal muscles ; sometimes they give the impression of being 
better. The same fact was noticed by Hartree and HiU (1921). Muscles 
poisoned with the ammonium salt, on the other hand, while giving a normal 
Tb/H, provided a very poor tension record. During a single 2-8eoond tetanus 
the tension fell progressively, although initially it was of normal size. Nach* 
mannsohn (1929) observed that muscles poisoned by soaking in the ammonium 
salt solution were less able to maintain tension than when the substance was 
injected. I have not been able to verify this observation. It appears that 
the effect of trimethyl-octyl-ammonium iodide in this respect is variable. In 
the majority of Nachmannsohn^s experiments it would seem that the poisoned 
muscles maintained tension well, while in none of mine was this the case. 
Recently Meyerhof and Schulz (1931), repeating Nachmansohn’s experiments, 
also found the impaired ability of the muscles poisoned with ammonium salts 
in respect of tension maintenance. 

According to Nachmannsohn (quoted from Meyerhof, 1930, p. 236), K«(j » for 
muscles treated with trimethyl-octyl-ammonium iodide or curare is about 
the same as for normal muscles ; if anything, that for the curarised muscle is 
higher — 70 X 10® as against 50 X 10®. His results are now open to the 
objection that no attention was paid to the delayed lactic acid, of which a 
variable amount must have been included in his experiments. For phosphagen 
breakdown in such muscles Kz(P) hats been redetermined by Meyerhof and 
Schulz (1931) and found for both to be approximately double the normal value. 
An abnormally high K;(P} may be due either to an actual restriction of phos- 
phagen breakdown or to a quickened resynthesis following decomposition. 
The decision between the two alternatives is of great importance in our com- 
prehension of the mechanism of muscular contraction. Unfortunately there 
is no direct basis for judgment. In either case, however, in order that K^(H) 
in curarised muscles should be unchanged — as found above — their Ks(r.) should 
be smaller than usual, unless a third chemical reaction of energetio importance 
complicates the situation. A redetermination of E((L) for such muscles is 
highly desirable. 

For an iodo-acetic muscle, on the assumption that the heat liberated is all 
derived bom phosphagen breakdown, we can make a rough calculation of the 
Ke(H) from chemical data for comparison with that observed. 1 g. of HsP 04 
split from phosphagen may be assumed to give 160 calories (Meyerhof, Lunds- 
gaard and Blasohko, 1931). The average of four values of K^(P), at about 15^ C. , 
for a single 2-seooiid tetanus in an iodo-acetic acid treated gastrocnemius, given 
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by Lundagaard (1930) i» 12 x W. This gives, corrected for the oMique 
fibre arrangement of the gastrocnemius, 

Tfe/H = 12 X 0*69 X 10®/(160 x 42400) =« 1-22. 

The value of Kt(H) deduced from fig, 1 for a 2-'8econd tetanus (“ reduced 
time ^ 10*9 seconds) is 1’40. Since in Liindagaard^s experiments the 
temperature was not strictly controlled but probably somewhat below 16° C. 
(personal information), the agreement is satisfactory. 

Note on the Effect of Frequency op Stimulation on the Value 
OP T/H IN A Tetanus. 

It was shown by Hill (1913) that the heat produced per unit of tension 
developed and maintained in a tetanus is independent of the frequency of stimu- 
lation, provided that the latter be sufficient to cause a complete tetanus. 
This was fully confirmed in a number of experiments made with the present 
myothermic technique. Three stich experiments on a 12-8econd tetanus at 
0 C. are shown in fig. 5 (note that experimental variations are exaggerated by 



Fio. 5.— -Three experiments on sartorii of f?. temp, at O'" C, with 12-»eoond tetani, at Tarioua 
frequencies of stimulation, showing that Kr(H) is independent of frequency. 

plotting on a large scale ; the zero line is not given). In view of this leeult^ 
in the eiq>eriments reported earlier in this paper no attention had to be pa id 
to the frequency of stimulation, provided that the latter was not too low for 
complete fusion or so high that failure of excitation occurred in the oouiee of 
a contraction. 

Summary. 

(1) The heat-duratkm relation has been redetermined for frogs’ muscle 
undergoing a maximal tetanic stimnlns of suitable frequency. H being the 
in i tfa d heat, T the mean tencdon developed and maintained, I the length of 
muscle, and t tihe duration of stimulus, H/T2 has been determined as a function 
of t far five different temperatures from 0° to 20° C. The relation soon becomes 
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linear, and the mean temperature coefficient for lO"" of the final elope is found 
to be 3*1 instead of the 2-3 given by Hartree and Hill (1921). Their value 
Is too low owing to their use of too short tetani for the lower temperatures. 

(2) The effect of temperature in this connection may be regarded merely 
as an alteration in the time scale of muscular contraction. A duration of 
tetanus t at any temperature 6 is equivalent to another “ reduced ” duration 

at O'" C., where = t (3-1)^^®. If H/T/ at any temperature be plotted 
not against the actual duration of stimulus but against the reduced duration, 
the plotted points all lie on or around a single curve which becomes a straight 
line after a reduced ” time of about 6 seconds. This curve, apart from its 
theoretical interest, enables one to deduce the value of the isometric time 
coefficient for heat (Kr(H)) at any temperature for any duration of tetanus. 
Examples of this deduction are given. 

(3) By dividing Meyerhofs isometric time csoeffioient for lactic acid by 
K;(H)i a value of the caloric quotient for lactic acid can be obtained in gramme 
centimetres per gramme of lactic acid. Examples of the calculation are given* 
A method is suggested by which the true caloric quotients for lactic acid and 
phosphagen could be determined. 

(4) The ratio Ti/H increases progressively from the stage when the muscle 
is about half exhausted, whether it is given a series of short tetani with rest 
intervals between them or is stimulated continuously. This increase in 

economy ” is due to the progressive slowing of the muscle as fatigue sets in. 

(6) Muscles poisoned by iodo-acetic acid, by curare, or by trimethyl-octyh 
ammonium iodide, all give normal values of K«(H)* The comparison of K 7 (H) 
experimentally determined with that calculated from the observed K,(j>) in an 
lAA muscle gives satisfactory agreement. 

(6) Hill’s observation that T//H is independent of the frequency of stimula- 
tion, provided that the latter be not too low to produce complete fusion and 
not so high as to cause failure of excitation, is confirmed. 

1 am deeply indebted to Professor A. V. Hill who suggested the work, and 
under whose kind direction and help it was carried out. To Mr. J. L, Parldnaon 
I wish to express my thanks for much skilful assistance. 
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The hOegration of Plant Behaviour. I V . — Geotrojnsm and 
Groivth-Sttbstance. 

By Sir Feedebxck Kerble, C.B.E., Sc.!)., F.R.S.. M. G. Nelson, M.A., uid 

R. Snow, M.A. 

(R.cfiv.-d May 2f>. 1931.) 


ItUroduclum. 

In a previous paper (1929) we referred to an ingenious experiment by Gholodny 
(1924), who, working with Zea Maya, found that the sensitivity to gravity of 
decapitated roots can be largely restored not only (as was already known) by 
replacing their own tips, but also, and even better, by placing on them the tips 
of ooleoptUes. Whichever tip was placed upon them, the roots curved down- 
wards. Since decapitated coleoptiles also are known to have their sensitivity 
to gravity restored if their tips are replaced, and since they respond by curving 
upwards, the question at once suggests itself — ^how is it that the ooleoptile 
tip causes the stumps of ooleoptile and root to respond to gravity by curving 
in opposite directions i It seems clear that the difference in the responses 
mast somehow depend upon the different natures of the stumps, and Cholodny 
considers that these are so constituted that their growth rates are oppositdy 
affecte<l by the same substance which diffuses into them from the ooleoptile 
tifsi, the growth of the ooleoptile being accelerated and that of the root being 
retarded. Stark also (1927, p. 8) adopts a view which in this respect is similar. 
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Naturally in order to explain the curvatures along these lines, it is necessary 
to suppose further that this substance for some reason flows to the lower aides 
of the horizontal stumps in greater concentration than to the upper sides. 
That a substance accelerating the growth of the coleoptile of Avena really 
does diffuse out of its tip had been made very probable by Sbding (1925) and 
Went has since rigorously established the fact (1928). 

Cholodny supports his theory by finding that the rates of growth of decapi- 
tated roots and coleoptiles are affected in opposite senses if either root tips 
or coleoptile tips are placed upon them, the roots l>emg retarded by both 
kinds of tip and the coleoptiles being accelerated by both kinds (1924, 1926 
and 1928). We have been led on to investigate for ourselves the effects of 
the two kinds of tip on the growth of the root, after first confirming Cholodny’s 
original discovery. 

Experiments, 

As a first step, the downward curvatures of maize roots, decapitated at 
1 mm. from the end of the root cap, re-headed with their own tips or with 
coleoptile tips, and placed horizontal, were compared with the curvatures 
of similarly decapitated controls and of intact roots. The results are shown in 
the following table. The curvatures given are the means amongst the total 
number of roots in each series. 


Table 1 . — Zea Mays, 


1 

1 

1 Number 

1 of roots. 

j 

Mean currai 

5~6 hours. 

tore after— 

20-24 hours. 

( 

Pbroeniage 
of roots 
that ourred. 

Intact poot« 

41 

o 

56 

o 

54*6 

100 

l>eoapitated rootti re-headed with 
ooli^ptile tips 

129 

lS-9 

33*2 

S2*9 

Decapitated roots re- headed with root 
tips 

58 

9*1 

17*1 

58*6 

Decapitated controls 

192 


2*3 

7*2 




The curvatures reported were all directed downwards, and therefore 
geotropic. Only a very few roots showed accidental curvatures in a horizontal 
plane, and not a single root in the above series curved upwards. 

These resuhs fully confirm Gholodny’s discovery that coleoptile tips cause 
root stumps to curve strongly downwards, and that they do so more effectively 
than replaced root tips. But the root tips also caused the stumps to curve 



Integration of Plant Behaviowr. 539 

downwards fairly well in compariBon with the decapitated controls, which 
showed very few curvatures. The coleoptile tips did not make the root stumps 
curve as strongly as intact roots. Whichever tip was used, the redheaded roots 
not only curved less than the intact roots, but usually began to curve much 
later. A large proportion of them did not begin to curve until after the firsts 
6 or 6 hours, whereas all the intact roots had ciurved strongly within this time. 
After from 20 to 24 hours the mean curvature of the intact roots was slightly 
less than after 5-6 hours. It is indeed well known that roots in damp air 
usually do not curve down so far as the vertical, but grow on at an oblique 
angle. 

In the series of roots re-headed with coleoptile tips, the stumps or the tips 
or both were often washed in running water for about 15 minutes, in order 
that any wound substances might be removed from the cut surfaces. Als<^ 
many of the decapitated controls were similarly washed. But washing did 
not seem to make any difference to the curvatures. 

Other maize roots wore decapitated at 2 mm. from the end instead of I mm. 
and re-headed with coleoptile or root tips, and placed horizontal. Many curved 
downwards, but the results were distinctly less good than when the roots were 
decapitated at 1 mm. It may be noted that Cholodny decapitated at from 
1 to 1 *5 mm. from the end (1924, p. 356). The length of the root cap in maize 
is about 0*6 mm. 

In another experiment, 28 maize roots were decapitated at 1 mm., re-headed 
with coleoptile tips that had been killed in boiling water, and placed horizontal. 
Only two curved, their curves reaching 25"^ and 30° downwards. Also 23 
maize roots similarly decapitated were re-headed with similarly killed root 
tips. Only one curved down, the curve reaching 60°. The proportion of 
curvatures with dead tips (altogether 8 in 61 roots) was slightly less than was 
found in the decapitated controls of Table I. Dead tips therefore do not 
cause the root stumps to curve geotropically. 

Since, therefore, the living coleoptile tip makes the root stump curve down- 
wards, whereas it makes the coleoptile stump curve upwards, the next point 
was to determine whether it also affects the growth of the root differently 
from that of the coleoptile. For this purpose, the growth of roots of Zeu 
Mayi decapitated at 1 mm. from the end and re-headed with coleoptile tips, was 
compared with that of similarly decapitated controls. Pairs of roots were 
used, in this and in subsequent experiments, which had been growing at nearly 
equal rates beforehand, and in other respects abo the methods were those which 
we described previously (1981). The following table shows the growth of the 
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re-headed loote in each aeries, expressed as a percentage of that of the controls 
with which they were paired : — 

Table II. — ZeaMays. 

CJniwtli of roots ro>headed 


Number nf pair8. 

with coleoptile tipt) in 
tir»t Cy-ii hour«. 

In next 16-18 hoiir8. 

11 

95-6 

98 ‘6 

10 

100 

59 

10 

78 

73 

10 

62 

87 

Total 41 

Mean 84 * 1 

Mean 79 * 8 


From these results, it appears that, as Cholodny has found (1924) the coleop* 
tile tip does indeed retard the growth of the root stump, although it is known 
to accelerate the growth of the coleoptile stump in the oat (Soding, 1925), and 
also, eMXsording to Cholodny (1924, p. 362), in maize. 

In the coleoptile of Avena^ the tip, if replaced eccentrically, on one side of 
the stump, causes a curvature towards the opposite side (Nielsen, 1924). This 
is according to expectation, since the tip accelerates growth in the parts of the 
coleoptile directly beneath it. We, therefore, performed the experiment of 
placing coleoptile tips of maize eccentrically upon root stumps, as in fig. 1. 

The roots were decapitated at 1 mm. from the end and were kept 
I I vertical. After 24 hours, 6 roots out of 12 had curved towards the 
1 1 side covered by the tip, the curves being mostly of about 20^, but 
\ / one of them being of 60®. The other six roots remained straight. 

Also on 24 other similarly decapitated maize roots coleoptile tips 
\J were placed eccentrically, as before, but the root stumps were then 
Fio. 1. placed horizontal, and in such a way that they and the tips were 
in the same horizontal plane. Some of the roots curved obliquely 
downwards, but the horizontal components of the curvatures, after 24 hours, 
were directed towards the side covered by the tip in 13 of the roots and 
towards the other side in one only. The remaining 10 roots showed no 
horizontal curvature. These experiments, therefore, also indicate that the 
coleoptile tip retards the growth of the root. 

Since, therefore, the coleoptile tips affect in opposite senses the rates of 


growth of the stumps of coleoptile and root, it becomes less surprising that 
they also cause these stumps to curve in opposite directions. But it has also 
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to be considered how it is that the root stumps are made to curve in the Hanw. 
direction by the tips of coleoptile and root. It might be expected that the two 
kinds of tip would be found to affect in the same sense the rate of growth also 
of the root stump. The coleoptile tip has already been shown to retard the 
growth of the root, and the next question therefore is what is the effect on 
growth of the root tip, Cholodny has found that the growth of decapitated 
roots of Lupinus anguaiifolius (1926, p. 468, and 1929, p. 473) is retarded if 
their tips are replaced upon them. But in his earlier experiments, the retarda> 
tion was slight, and in the later ones, the number of roots tested was rather 
small, so that it seems worth while to submit further evidence on the point. 
He has also found that root tips of Zm Mays accelerate the growth of decapitated 
coleoptiles of Avena (1928, p. 126, and 1929, p. 471), and increase their sensi- 
tivity to geotropic and phototropic stimuli (1928, p. 123, and p. 125), so that 
in all these respects root tips appear to act similarly to coleoptile tips, though 
probably less strongly. 

In order to investigate the effect of the root tip on the growth of maize roots, 
we compared the growth of roots decapitated at 1 mm. from the end with tliat 
of similarly decapitated roots, on which the tips were replaced. The roots 
were kept vertical. At first we obtained puzzling and rather irregular results ; 
for in most of the series, the re-headed roots grew slightly the faster, though 
in some of the series they grew slightly more slowly or about equally, as the 
following table shows. 


Table III. — Growth of Decapitated Maize Roots re-headed with their own 
Tips expressed as a percentage of that of similarly Decapitated Controls. 


i 

Number of pain. j 

Growth in first 
hours. 

In next 

16-18 hours. 

11 

' 118-3 

108-2 

7 

121 

126 

7 

112 

no 

S 

113 

104 

6 

115 

102 

10 

100 

100-5 

6 

107-1 

50 

12 

95-4 

97-2 

5 

92-3 

146-6 

Total 71 

Moan 107-1 

Moan 104-0 


Since, therefore, these results were puzzling, it occurred to us that they might 
have been somehow complicated by the shock of the wound. We, therefore. 
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arranged another experiment that was similar to the last except that after 
decapitation the roots that were to be redheaded, and also the control roots, 
were left for 6 hours to recover from the shock. Then the tips of a third set 
of roots were cut off at 1 mm. from the end and placed upon one of each pair 
of the previously decapitated roots, and the measurements were started. The 
results are given in the following table. 

Table IV, — Growth of Maize Roots ro-hcaded with Tips of other roots 6 hours 
after Decapitation, as a percentage of that of similarly decapitated 
Controls. 


Nuiiil>er of [Min. Orowtli in 18 houn. 


52 C 

lW-3 
S7-7 
88-2 
79-2 
77 0 

.Mean 76*0 


In another series of 11 pairs, the decapitated roots were left for 18 hours 
before tips were placed on one of each pair. In the next 6 hours the growth 
of the re-headed roots was 71*4 per cent, of that of the controls, and in the 
next 18 hours again it was 64*7 per cent. 

In all these nine series, therefore, the re-headed roots grew the more slowly, 
and in most of them very considerably so. These results, therefore, show that 
the root tip does indeed retard the growth of the root. 

This conclusion is supported by the following experiment, in which tips of 
maize roots cut off at 1 mm. from the end, were placed on the stumps eccen- 
trically, just as in the corresponding experiment with coleoptile tips (fig. 1). 
The roots were kept vertical. After 24 hours, out of 24 root stumps thus 
treated, nine had curved towards the side covered by the tip — ^most of them 
in fairly strong curves of from 30® to 40®, and only one had curved in the 
opposite direction, in a curve of about 26®. The remaining 14 were still 
straight. 

In another series of six roots, in which the stumps and tips were washed for 
16 minutes before the tips were placed on the stumps, after 6 hours three had 
curved towards the side covered by the tip, in curves of from 18® to SB®, and 
three remained straight. 


5 

10 

9 

10 

5 
9 

6 


TetAl 59 
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Also pireviously (Snow, 1923), root tips of Vida fdba were out ofi and 
replaced eccentrically. After 24 hours, four of the stumps had curved slightly 
towards the side covered by the tip and five were still straight. 

Root tips were also placed eccentrically on 30 other decapitated maiae roots, 
as before, but the roots were then placed horizontal, in such a way that they 
and the tips were in the same horizontal plane. Some of the roots curved 
obliquely downwards, but the horizontal components of the curvatures, after 
24 hours, were directed towards the side covered by the tip in 13 of the roots, 
and towards the other side in one only. The remaining 16 showed no hori- 
zontal curvature. 

In another experiment the tips removed from 30 young maize roots were out 
in half in a median plane, and a half tip was then replaced on one side of each 
stump, in the manner shown in fig. 2, in the vertical position. After 24 hours, 
six of the roots had curved towards the side covered by the half 
tip and one hud curved the other way. The remaining 23 were 
straight. Eleven roots of Vida faba also were treated in the same 
way. After 24 hours, 6 had curved towards the side covered by 
the half tip. The remaining 5 were straight. 

In all of these experiments with root tips, therefore, the curva- 
tures were all or nearly all directed towards the side covered by the Fia. 2 
tip (or half tip), just as in the experiments with coleoptile tips. 

The most^ probable explanation is again that the tips retarded the growth of 
the side of the root covered by them, and these exjwriments tlierefore provide 
strong evidence to show that root tips act in the same sense as coleoptile tips, 
and retard the growth of root stumps. 

The most obvious way of investigating the effect of the root tip on growth is 
to compare the growth of decapitated roots with that of intact roots, an experi- 
ment which in the past has given very conflicting results. We performed this 
experiment many times on maize roots, but the results did not help towards 
determming the effect of the tip on growth, on account of the effect of the 
wound-shock, which seemed quite to obscure any effect due to loss of the tip. 

The results reported in this paper confirm those of Cholodny, who found that 
coleoptile tips retard the growth of root stumps, though they accelerate that 
of coleoptile stumps. They also strongly support, his discovery that the root 
tip also retards the root stump, though in the first experiment on this point 
the results were irregular and partly conflicting, apparently because in some 
way not understood they were complicated by the wound shock. It therefore 
appears that the growth rates of root and coleoptile are indeed affected in 
von. oviu— B. 2 p 
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f^posHie senses by the same substances, and this conclusion is further supported 
by interesting experiments of Nielsen (1930), who has found that a substance 
excreted by a certain fungus strongly accelerates the growth of coleoptiles 
and strongly retards or even arrests that of roots. An experiment by Hammett 
(1929, p. 316) might, indeed, appear at first to conflict with this conclusion : 
for he found that some substances extracted in dilute acid from crushed tips 
of maize roots accelerated the growth of other maize roots. But it is probable 
that the substances extracted from crushed tips are different from those which 
diffuse out of uninjured tips ; indeed, Went found (1928, p. 22) that the normal 
growth-regulating substance of the coleoptile tip of Avena could never be 
extracted from dead or crushed tips. 

The theory that the opposite geotropic curvatures of root and coleoptile are 
due to redistributions of the normal growth substances produced by the tips, 
which accumulate in greater concentration on the lower sides of the responding 
zones, appears very probable. Certain objections to the theory have indeed 
been raised with regard to the relative efficiencies of the two sides of the stump 
in transmitting the stimulus, but discussion of these must be reserved for 
another occasion. The most urgent question, as Cholodny points out, appears 
now to be what is the change set up in the stimulated tissues which leads to 
the redistribution of the growth substance. In a previous paper (1929, p. 
494) we made it clear that the redistribution must be supposed to take place 
partly in the tip and partly in the stump, and Dolk has shown that in horizontal 
coleoptiles the growth-accelerating substance does actuaUy become redistributed 
both in the tip (1929, a) and also in the parts behind the. tip (1929, b), in such a 
way as to reach the lower side in greater concentration. 

Summary. 

(1) Confirmation is given of Cholodny’s discovery that the sensitivity to 
gravity of decapitated maize roots is restored by coleoptile tips placed upon 
tiiem, even better than by root tips. 

(2) The growth of decapitated maize toots was found to be retarded by 
coleoptile tips, and also by root tips provided that the roots were left for 
fi hours to recover after decapitation. 

(3) When coleoptile tips or root tips or halves of root tips were placed 
eccentrically upon decapitated roots, either in the vertical or in the horizontal 
position, the roots curved towards tiie side covered by the tip. 

(4) The results snppmt Gholodny’s theory that the opposite direotions of 
geotropic curvature in root and coleoptile are correlated witii the fact that the 
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growth of root stomps is retarded by ooleoptile tips or root tips, though that 
of ooleoptile stamps is accelerated by them. 
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The Breakdown and Resynthesis of Phosphagen in Frozen and 

Thawed Mmcles. 

By^E. Kreps, Low Temperature Research Station, Cambridge. 

(Communicated by Sir William Hardy, F.R.S. — Received May 27, 1931.) 

E. C. Smith (1929) has described the breakdown of glycogen to lactic acid 
which occurs in muscle as a result of freezing, and the conditions under which 
re 83 mthesi 8 may occur in the thawed muscle. The present work covers the 
aame ground in respect of the breakdown and resynthesis of phosphagen, and 
the behaviour of the hexose phosphoric esters and adenyLpyxo-phosphoiic 
acid. Only in the case of phosphagen have important changes been observed. 

As in the case of glycogen, breakdown of pho^hagen occurs in the musole 
merely as a result of freezing. The rate of breakdown increases to a maximum 
at — 2*6^» the identical temperature at which the breakdown of glycogen is 
a maximum, and in each case the rate of breakdown falls away to a negligibly 
small value at —10°. 

The musde is capable of recovering to a greater or less degree its 

2 p 2 
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ocmtisotility if freeaxig has not been too severe (Moran, 1929). Thus, after 
24 hours at — 1 * 6* recovery of function is complete, but vrith increasing severily 
of freezing recovery becomes progressively more difficult to accomplish and 
the height of the contraction is diminished until after 24 hours at — 2’2‘' the 
muscle is rendered permanently non-irritable. 

Associated with complete recovery of contractility is a capacity to remove by 
synthesis to glycogen the lactic acid formed during the freezing period. After 
24 hours at —1*6° this faculty is lost, and the muscle on thawing continues to 
produce lactic acid at a great rate. The results quoted below show that 
muscle behaves very similarly in respect of phosphagen synthesk, but there is 
one point of difference in that the loss of synthetic capacity is more gradual. 
For periods of freezing of 24 hours, between — 1-6® and —2*6°, a gradually 
diminishing power of resynthesis is retained, and this power is only ffnally 
lost at a temperature of — 2’5®. 

Experimental , — The method of determination of the several phosphate 
Actions closely followed that recommended by Eggleton (1929). For each 
eaqieriment the gastrocnemius muscle of six frogs were used. In series I and 
II the muscles of the one side gave the resting values for the five phosphate 
fractions (phosphagen, inorganic phosphate, pyrophosphate, “ soluble esters ” 
and “ insoluble esters ”) whilst those of the opposite side were frozen for 24 
hours (in series 1) or 6 hours (in series U) at different freezing temperatures. 
After rmnoving the muscles from the body they were kept overnight at zero 
in moist air to allow them to recover their resting condition. The experimental 
muscles were then transferred to a watertight vessel immersed in a thermostat 
containing brine, which was accurately maintained at the required freezing 
temperature. After standing for 2 hours at this temperature, each muscle 
was seeded with a mriall costal of ice, the period of freezing being taken to 
commence at this point. 

It was found (fig. 1) that the breakdown of phosphagen was so marked tiiat 
between the temperatures of —2* and —3® litlie or no phosphagen was left 
in the muscles after 24 hours’ freezing. A shorter time of storage (6 hours, 
fig. 3) within this range of temperature served to define the point of maximum 
breakdown, — 2-6® C. The increase in inorganic phosphate followed exactly 
this chafige in phosphagen concentration (figs. 2 and 3) for the changes in 
soluble and insoluble esters, and pyrophosphate were of too raoall an order to 
influence to any marked extent the inorganic phosphate. The alight changes 
observed in these fractions were inconstant and irregular, and apparmtiy 
wi^out significance. 
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Fta, 1. — Phosphagea content of musolee after 24 houm in the frozen state. Series f. 



Fia. 2. — Inorganio phoephate content of muscles after 24 hours in the fromn state. 

Series 1. 



3. ^Fhoephagen and inorganio phosphate content of mnsoke after 6 hours in the 

hrofsn state. Series II. 



ms E. Kreps. 

In a number of filtrates from the frozen muscles lactic acid was determined. 
The figures obtained fell on the curve of production of lactic acid shown by 
Smith (1929, fig. 2). The two sets of experiments are, therefore, quite com- 
parable. A comparison of tiiese diagrams makes it quite clear that the 
breakdown of phosphagen follows'an exactly similar course to that of glycogen, 
and it is highly probable, therefore, that the two reactions ate determined by 
one and the same event in the process of freezing. It is not possible to say 
whether there is a closer link between the two reactions ; whether, for instance, 
either one of the changes succeeds and is dependent on the other. Some 
evidence in this connection is given by a study of the behaviour of the 
muscles on thawing, and the question is further discussed in the paper 
which follows. 

The Recovery of Phoephagen on Thawing . — In the third series both the control 
and the experimental set of muscles were frozen for 24 hours, the former 
analysed whilst still frozen and the latter allowed to thaw for 24 hours in an 
atmosphere rich in oxygen before being analysed. The results are shown in 
figs. 4 and 6. Muscles frozen for 24 hours at a temperature not lees than 
—2*6® are capable of restoring, to a greater or less degree, their phosphagen 


fro 



Fio. 4. — ^Phoephagem content of mnsoles after 24 boon’ freezing (broken line) and 
•nbeeqnent 24 boura* thawing (continuous line). Series m. 

content. Above — 1*6® the restoration is complete, but below this tempera- 
ture the phosphagen value reached after 24 hours is less than that of the 
resting muscles, and becomes progressively less with fall of temperature to 
- 2 * 6 ®. 

Of the several reasons that might be advanced to account for tbi« lower 
level of phosphagen in the thawed muscles, the most likely seemed to be that 
individual musdes in the batch of six worked up together were more tolerant to 
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—1 *6® to —2*0® and kept in oxygen for 24 hours after flawing, reoorer only 
patiaaUy, and to different extents, their phdsphagen content. Ehqperiments 
12 and 13 show that the time allowed is adequate for recovery to go as far as 
it will. Further, there is no destruction of creatine during storage in the 
frozen state (experiments 14-16); so that material for the formation of phos- 
phagen is not lacking. 

Either, then, a new equilibrium Is set up between phosphate, creatine and 
phosphagen, or certain individual fibres recover their synthetic capacity whUst 
in others this function is destroyed. The former alternative seems the less 
likely. If the latter is true, the gradual diminution of contractility observed 
by Moran may also be attributed to differential susceptibility of fibres to 
freezing. There is at present no reason to suppose that contractility is 
associated with the integrity of the synthetic system in the muscle. A few 
experiments carried out on similar muscles to those used above showed that 
contractility is quite marked in muscles frozen for 24 hours at —2*0°, is 
regained in only a small proportion of muscles frozen at —2*1°, and is com- 
pletely destroyed at —2 •2°. At this temperature at least 10 per cent, of the 
fibres are capable of synthesising phosphagen, whilst at —2*0° none of the 
^yoogen synthetic power is retained. These three functions appear, therefore, 
to possess different susceptibilities to freezing. 

Fig. 6 shows the results of a number of experiments in which one set of 
muscles was allowed to thaw in oxygen, whilst the set from the opposite limb 



1^0, 6 .— Phosphagen and inorganic phosphate content of muscles thawed in oxygen (on 
the left) and in nitrogen (on the right). 
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was thawed in nitrogen. It appears that oxygen is necessary for the re* 
synthesis of phosphagen in these circumstances, and the conditions here axe 
leminisoent of those necessary for the resynthesis of glycogen. In the recovery 
of a muscle from a short tetanus, phosphagen may be resynthesised in the 
absence of oxygen (Nachmannsohn, 1928). The source of energy for this 
resynthesis is not indicated, but it is presumably derived from the breakdown 
of glycogen to lactic acid. Although this reaction is occurring in the thawed 
muscles, the energy liberated is apparently not available for the resynthesis 
of phosphagen. 

In the muscles thawed in oxygen, but not in those thawed in nitrogen, there 
is evidence of a slight increase in hexose phosphoric esters. (In nine experi- 
ments the increase was between 2 and 6 nig. of hexose phosphoric acid phos- 
phorus.) This increase is probably a result of the increase in concentration of 
inorganic phosphate in the muscle. A similar increase has been observed by 
Eggleton (1929) in prolonged anaerobiosis. 

Conchmon. — ^These experiments give further evidence of the exceedingly 
close relationship between the “ circulatory system of carbohydrate in 
muscle and that of phosphagen. There is, however, nothing in these results 
to indicate what is the individual function of each system, nor how they are 
functionally interrelated. 

It has been pointed out in a previous paper from this laboratory (Smith and 
Moran, 1930), that the only change in the system which is necessary to bring 
about the breakdown of these complex molecules is an increase in the con- 
centration of the plasma. It might be assumed that the effect of altering the 
ionic environment is to favour enzymic hydrolysis, but it is hardly likely that 
in the frozen state two separate enzymes would react in an identical way to 
this change, giving a maximum rate of hydrolysis at the same temperature, 
nor is It likely that the two systems are so closely bound together as to be 
controlled by one single enzyme. It rather appears that in the presence of an 
enhanced salt concentration a greater liberation of energy is required to main- 
tain the intactnesB of the muscle system, and in a sense this breakdown may 
be regarded as an enormously increased resting metabolism. A considerable 
increase in resting metabolism has, in fact, been observed by Fenn (1930) in 
association with the non-irritable condition of muscle. Duliere and Horton 
(1929) attribute this condition to a disturbance of the distribution of potassium 
ions in the muscle, so that there is some support for the view that an increase 
in metabolism can be associated with a change in the ionic environment of 
the muscle. 
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In aocoidance with this view, it would be anticipated that death would occur 
when the demands of the system on the available energy became too great for 
the supply. This appears actually to be the case, for the temperature at 
which death in the muscle is instantaneous coincides with the point of maximal 
breakdown of glycogen and pho^hagen (Smith and Moran, loc. cit.). 

Summary. 

In frozen frogs’ muscles phosphagen breaks down to inorganic phosphate 
and creatine, the maximum rate of breakdown taking place at the same 
temperature (—2*6° C.) as the maximum rate of breakdown of glycogen. 

Musdes frozen for 24 hours not lower than —1*6° recover their initial 
phosphagen content on thawing. Below —2*6° there is no recovery. Between 
these temperatures recovery is partial, owing to difierences in susceptibilil^ 
to freezing of different fibres. Oxygen is necessary to this recovery process. 
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The Oxygen Uptake of Frozen and Thawed Muedes. 

By E. C, Smith, Low Temperatxire Research Station, Cambridge. 

(Communicated by Sir William Hardy, F.R.8. — Received May 27, 1931.) 

In connection with the chemical changes which muscle undergoes on 
freezing and thawing (Smith, 1929 ; Smith and Moran, 1930), it appeared of 
interest to determine the degree of injury suffered by the respiratory mechanism 
of the muscle as a result of freezing. It was hoped, in particular, that some 
light might be thrown on the nature of the injury to the machinery involving 
the synthesis of glycogen from lactic acid, since m this process the energy for 
the building up of the greater part of the lactic acid is derived from the oxida- 
tion of a smaller fraction. A muscle frozen for 24 hours at C. and then 

thawed is found to have lost this faculty of oxidative S 3 mthesis. The break- 
down of the synthetic mechanism might be due to the destruction of the 
mechanism of oxidation, of the actual synthetic enzyme, or of the coupling 
mechanism by which the energy of the former reaction is made available for 
the process of synthesis. 

The first possibility could be tested by actual experiment, and the major 
part of this paper gives the results of experiments made with this end in view. 
In addition, some measurements of the respiration of muscles actually in the 
frozen state have been made. As might be expected, the oxygen uptake 
gradually diminishes with falling temperature. There is no sign of any sudden 
change in the neighbourhood of the critical temperature which might be 
associated with the change in behaviour of the muscle with respect to the 
carbohydrate metabolism. 

No attempt has been made to measure the carbon dioxide evolved by the 
frozen muscles, since the low rate of diffusion through the semi-solid mass of 
the tissue, and the increase in acidity as a result of the liberation of lactic 
acid would have introduced too great difficulties in the interpretation of such 
measurements. 

The Ch^ygen UpUik^ of Frozen Musclee. 

The oxygen uptake was measured in a Barcroft apparatus. Each chamber 
had a total capacity of about 10 c.c., that one containing the muscles (two 
frogs* sartoiii, averaging 0*15 gm. muscle) having a small tap at the lower end 
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to admit of its being filled with oxygen. A change in volume of 0*001 c.o. 
corresponded to a difference of 0*2 cm. on the manometer, so tiliat an uptake 
of 0*01 C.C. per gram of mnscle per hour over a period of 8 hours could readily 
be measured. 

The chambers were immersed in a bath of brine maintained by thermostatic 
control at the required freezing temperature in a cooled, insulated room. 
Measurements of oxygen uptake were made at zero and at several temperatures 
between zero and —4° C., at which temperature respiration was reduced to an 
exceedingly low value. The results are shown in fig. 1. 

The upper curve shows the amount of liquid phase remaining in the frozen 



muscle at temperatures between the freezing point and —5°. It will be 
observed that the oxygen uptake is diminished fori jpami with the removal of 
water between the freeziiig point and —3°, and it would seem, therefore, that 
the extent of oxidation in this range is determined by the actual volume of 
liquid remaining in the muscle. It does not seem necessary to assume that the 
tissue is suffering from oxygen starvation in any other sense — snoh, for instance, 
as would be brought about by hindered diffusion through a shell of ice. This 
factor, in all probability, does not enter in until respiration drops to zero at 
—4°, at which temperature there is still 10 to 15 per cent, of water in the 
muscle. In any case, oxygen starvation cannot in itstif be the cause of the 
breakdown glycogen, sinoe, as was pointed out in an earlier paper <£faailh, 
1929) the rate of production of lactic acid between -*-2” and ^" 0. is iar 
greater than in muscles stored in nitn^ien at setOk 
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The oxygen uptake of the muecle is not, therefore, included in tiie group 
of reactions which are accelerated by freezing. So far as is known up to the 
present, these reactions are limited to the breakdown of glycogen and the 
breakdown of phosphagen. 

The Oxygen Uptake of Thawed Mmdea. 

Meyerhof (1919) made the broad observation that muscles which had been 
frozen at C. had, on thawing, a normal oxygen uptake, whilst muscles 
which had been frozen at the temperature of solid CO 2 and ether had practically 
lost the faculty of respiration. The critical range of freezing has been care- 
fully explored, and it has been found that recovery of respiration is complete 
in muscles frozen 24 hours at — 2*4'', is partial in muscles frozen 24 hours 
between — 2*4° and — 3^ and is almost nil (but is never completely abolished) 
in muscles more severely frozen than this. 

Fenn has recently shown (1930) that sartorius muscles of the frog are liable 
to give abnormally high values for oxygen uptake unless they are subjected 
to a short soaking in Ringer’s solution after being removed from the body. 
The sartorius muscles used in the following experiments have, therefore, been 
treated in this way both on removal from the body, and after thawing, before 
any measurements of oxygen uptake have been made. 

The muscles of two animals were used for each experiment. One muscle 
of each animal was kept in moist air at zero whilst the other muscles were 
frozen, and the oxygen uptake of the treated and of the untreated muscles was 
then measured imder identical conditions at zero. The measurements extended 
over a period of 6 to 8 hours. In this time the uptake was generally steady, 
but over longer periods (up to 24 hours) a slight faUing-off in oxygen con- 
sumption was usually observed. The uptake was calculated in cubic oenti- 
metres of oxygen per gram of muscle per 24 hours. 

In all cases the period of freezing was 24 hours. The muscles on which these 
observations were made were, therefore, in a comparable condition to those 
used in earlier experiments (Smith, 1929 ; Kreps, 1981). 

In fig. 2 the ratios of the oxygen uptake of the frozen and thawed muscles 
to that of tlie unfrozen controls are plotted against the temperature of freezing. 

From these results the most important conclusion may be drawn that a 
muscle frozen irreversibly may yet have a considerable oxygen uptake. Judged 
by the criterion initabil^ muscles frozen for 24 houzs at —2*4^ are com^ 
pMely fund^nksB, they have lost the power to synthem glycogen and 
pheii&agen, yet oxygen is used at a rate equal to, or i^reater than, the normaL 
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It necessarily follows that the destruction of the respiratory function of the 
muscle is not responsible for the loss of its contractile and synthetic faculties. 
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Fio. 2, — Oxygen uptake of thawed musohw compared with resting control. 


In normal muscle, the energy for the synthesis of lactic acid to glycogen is 
derived from the oxidation of some member of the carbohydrate “ circulatory 
system,” probably lactic acid itself. It was realised that a muscle might show 
a normal oxygen uptake and yet have lost the faculty for oxidising lactic acid 
(or its equivalent in carbohydrate) which is a necessary part of its synthetic 
mechanism. The following experiments show that lactic acid is lost when 
these irreversibly frozen muscles are thawed and kept in oxygen, and that a 
large part of the oxygen which is absorbed must necessarily be used in the 
process of its combustion. 

The gastrocnemius and sartorius muscles of frogs were frozen for 24 hours 
at a temperature between —2*1° and —2*4°. On thawing and soaking in 
Binger’s solution, specimen muscles were found to be non-irritable. The 
muscles of one side of six animals were aUowed to thaw and stored for 24 hours 
at -|-5° in oxygen, those of the other side were thawed and kept at the same 
temperature in nitrogen rendered free £rom oxygen by passage through a 
Berkefeld candle immersed in sodium hydrosulphite solution. Lactic acid 
was then determined in each batch. The figures obtained are given in Table I. 

The muscles stored in nitrogen are seen to have, on the average, 0*06 per 
cent, of lactic acid in excess of those stored in oaygen. The e:q>erimmtB were 
carried out during the monihs of September and October, and it so happened 
tiiat the ^ycogen content of the muscles was remarkably constant, and dmost 
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Table I. — ^Disappearance of Lactic Acid from Thawed Muscles stored in 

Oxygen. 




Lucfcic acid percentage. 

Lactic acid oxidued 

Experiment. | 

Muscle. 

j 1 

In nitrtjgen. 

In oxygen. 

percentage of that 
prefMjnt. 

1 

G»i«trocnemiu8 | 

: 1 

0-73 1 

O-flO 

9*5 

2 

! 

0-72 ‘ 

0*67 

7*0 

3 

>» i 

0 09 

0-66 

4*5 

4 

SartoriuB 

i o-8r> 

0-76 

10-5 

5 

9f 1 

0-80 

0-75 

6-0 


sufficient in amount to give a true rigor maximum. In five determinations 
made to test the constancy of the level reached in rigor, the mean initial 
glycogen content was found to bo 0* 67 per cent, (equivalent to 0*72 per cent, 
of lactic acid) and the actual level reached by storage in nitrogen saturated 
with chloroform vapour was 0*72 per cent, of lactic acid. Any removal of 
lactic acid was readily apparent in such muscles, whereas muscles with higher 
glycogen content than that necessary to provide the rigor maximiun of lactic 
acid (0*80 per cent, in gastrocnemius and 0*86 per cent, in sartorius) would 
have been able to restore from this excess glycogen the lactic acid removed by 
oxidation, and so mask its disappearance. The muscles of animals examined 
one month later were found to have considerably higher and more variable 
glycogen contents (up to 1*8 per cent.) and for this reason could not have 
served as material for these experiments. 

The oxygen equivalent to the lactic acid removed is of very much the same 
order as the oxygen which was found to be utilised in this period. Assuming 
complete combustion to carbon dioxide and water, 0*06 gm. of lactic acid 
would require 0*064 gm. of oxygen. This corresponds to an uptake of 0*44 c.c. 
per gram of muscle per 24 hours. The actual utilisation of oxygen by such 
muscles is something less than 0*6 c.c. per gram per 24 hours, so that at least 
75 per cent, of this oxygen uptake can be accounted for by the oxidation of 
lactic acid. 

The irreversibly frozen muscle has not necessarily, therefore, lost the capacity 
of oxidising lactic acid. It has, however, lost the power to synthesise glycogen, 
consequently the part of the mechanism which is destroyed by freezing is 
the actual syntiietio machinery of the muscle, and not that part which supplies 
enstgy for tiie working of the machine. It is quite conceivable that the same 
oonsidacations apply in the case of phosphagen. In intact|muscle phosphagen 



558 


Oxygen Uptake of Frozen and Thawed Musdes. 


» in part res 3 mthesised anaerobioally after it has been broken down in the 
course of muscular contraction. Ereps (1931, supra) was unable to demon* 
strate any resynthesis of phosphagen in irreversibly frozen muscles although 
ample energy is liberated in the thawed muscle by the breaking down of 
glycogen to lactic acid, 

Meyerhof (1930, p. 282) stresses the fact that the coupling of the energy- 
producing reaction with the energy-absorbing reaction in the s}aithetic process 
is inseparably connected with the structural elements of the muscle. It 
would appear then that the changes brought about in the first place are due to 
alteration of those structural elements whose particular function is the main- 
tenance of the carbohydrate “ circulatory system ” of the muscle. Damage 
to this system is followed by a diminished power of contraction and damage to 
the mechanism of synthesis of phosphagen. If it be assumed that the gradual 
loss of function in the two latter instances is due to differences in susceptibility 
to freezing of different fibres, the data at present available may be expressed 
as follows (see also fig. 2) : — 


Function, 


Temperature at which function in loMt in 
24 hours in — 


Most susceptible fibres. Least susceptible fibres. 


Synthesis of glycogen 

Contractility 

Synthesis of phosphagen 
B^piration 


- 1*6 

-IS 

-le-LS 

-2'4 


-1*6 A 
^21 B 
-2-6 C 
-30 


The several functions of synthesis and contractility appear to possess no 
really close connection, since the temperatures at which complete loss of 
function is observed differ so widely in the three mstanoes. It caimot be said 
that loss of contractility is dependent on the failure of either the glycogen 
system or the phosphagen system, for the muscle retains contractility after 
much more severe treatment than that required to destroy the glycogen system, 
but contractility is lost whilst some 60 per cent, of the fibres are capable of 
synthesising phosphagen. This would point to there being separate sites in 
tile mnsele structure with which these three functions are associated. 


The oxygen uptake of frogs’ muscles in the troaen state diminitihes to aero 
at ~4®C. 
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MuBoles frozen 24 hours at a temperature not lower than — 2*4® recover 
their initial oxygen uptake on thawing. Below — 3° the oxygen uptake on 
thawing is reduced to less than 10 per cent, of the resting uptake. 

The loss of contractility and of the capacity to synthesise glycogen and 
phosphagen observed in thawed muscles is not due to destruction of the 
respiratory faculty of the muscle. 

The measurements re<*.orded in this paper were carried out by Mr. H. F. 
Davis. 
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The Molecular Statistics of an Enzyme Action. 

By J. B. S. Haldane. 

(Communicated by 8ir F. Qowland Hopkins, P.K.S. — Received May 19, 1931.) 

Until recently no exact figures were available concerning the rate of trans- 
formation of the enzyme-substrate compound. For example, while Will- 
st&tter and PoUinger’s (1923) best peroxidase preparation could activate over 
2000 times its weight of HjO, per second under favourable conditions, 
neither its degree of purity nor its molecular wfdght is known. Hence such 
calculations as that of Haldane ( 1930, p. 176) based on this work are necessarily 
very rough. Zeile and Hellstrdm (1930) have found that horse-liver catalase 
is an iron-porphyrin compound with a spectrum resembling that of alkaline 
hasmatin, and that its amount, reckoned in milligrams of combined iron, can 
be measured photometrically with great accuracy by converting it into 
pyridine-hssmoobnmiogen. Thus, although it has not been obtained pure, one 
can now estimate the activity of a molecule of catalase. In what follows 

VOL. ovni.— B. 2 Q 
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the assumption is made that each molecule of catalase contains only one 
atom of iron. If this is uot so, as in the case of hemoglobin, where the 
molecule contains four iron atoms, the calculations given below are true, not 
for the molecule as a whole, but for each of the active centres on it, since the 
iron-porphyrin complex is clearly, the active centre, as shown by the effects of 
cyanide. 

Zeile and Hellstrom worked at 0° C. and the optimal pa of 6-6, with 0*01 
M. Hj 02, which disappears according to the unimolecular law, and express 
their results as unimolecular velocity constants per milligram Fe per litre. 
Their unit of time is a minute. Moreover, an examination of Zeile’s (1930) 
protocols shows that he employs decimal instead of natural logarithms. Hence 
to reduce the published velocity constants to the normal unit, they must be 
multiplied by 2*3026/60, or 0*03838. For horse-liver catalase solutions 
containing x mg. Fe per litre, Zeile and Hellstrom found a unimolecular velocity 
constant of 251 3x, the standard error being only 86x ; or neglecting one rather 
dubious figure, the velocity constant is 2531 ± 63*. Zeile (1931) found a rate 
of about 8000* for a catalase prepared from seedlings, but the error is con- 
siderably greater. In ordinary units the constanf" for liver catalase is 97 * 14x, 
1 mg. Fe destroys 0*9714 gram-molecule of HjOg per second, in 0*01 M. 
solution, and 1 gram-molecule of enzyme destroys 5*42 x 10* gram-molecules 
of HjOj per second. In other words a molecule of enzyme destroys 5*42 X 10* 
substrate molecules per second at 0“ C. and lO*^ M. substrate concentration. 
Under the same conditions plant catalase destroys about 1*7 X 10* substrate 
molecules per molecule per second. 

Euler and Josephsou (1927) found that at 0° C. the velocity of HjOg destruc- 
tion by liver catalase could be represented by the equation v == V*/(» -(- K), 
where K = 0*025. Hence the maximum velocity V, which is nearly reached in 
0*2 M. HjOg, is [1 -f (K/*)]n. Substituting the values of * and K we find that 
in a strong peroxide solution where the velocity is independent of substrate 
concentration, one enzyme molecule destroys 1*90 X 10* substrate molecules 
per second at 0° C. 

The effect of temperatureon the reaction velocity has beenrather inadequateljr 
studied. The enzyme is rapidly destroyed by H 2 O, at temperatures above 0® C., 
and although this can be allowed for, it brings in an element of uncertainty. 
The only Mtisfactory data for liver catalase are those of Williams (1928) which 
only cover the range from 10® to 20°. However, Nosaka (1928) had studied 

* t.e., the value of k id the equation d»ldt » iba, where « ia the anbetrate oonomtration, 
and ( is mcMwuied in aeoonde. 
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blood catalase from 0® to 50*^, This behaves fairly like liver catalase where 
the data are comparable, and may be the same substance. Nosaka found that 
the velocity at 40^ C. was 2*91 times that at 0° C. Thus at 40® C. a catalase 
molecule can destroy about 5-5 x 10® HgO, molecules per second. 

As the reaction has a temperature coefficient, only a small proportion of 
the enz}une molecules are active at a given moment, even when the substrate 
concentration is so high that almost all of them are combined with substrate. 
This is partly no doubt due to the fact that even at the optimum pa not all 
the enzyme molecules have the appropriate charge. But the flatness of the 
optimum shows that this correction is not very important for catalase, and the 
effect of temperature on ionisation probably does not have a large effect on 
the apparent critical increment. Williams found an apparent critical incre- 
ment Q of 3080 calories per gram-molecule at 15®~20® C., and 4380 from 
10®-15® C., in strong peroxide solutions at pH 6*8. Both of these values are 
uncertain, and the difference between them still more so. At best they can 
only give us the order of magnitude of the fraction of molecules activated. 

On Arrhenius* theory the proportion of molecules which are active at any 
given instant is If we take Q 3730 at 16® tliis works out at 1/646. 

So if the reaction velocity at 15® C, is 1 *431 times that at 0®, the rate of tran- 
sition of an active molecule is 646 x 1’431 x 1*90 x 10®, or 1-80 x 10® per 
second, and the mean life of an active catalase-hydrogen peroxide molecule 
is 6 *6 X lO*"® second. 

Other more modern hypotheses give figures of the same order but 
larger. Moelwyn-Hughes (1929) has applied to enzyme actions Fowler and 
Ridears (1927) and Hinshelwood’s (1926) equation, which may be written 

k __ 

fl * 

where k/B is the fraction of molecules which are active, x = E/RT, E being 
the critical increment, and / = JS — 1, where 8 is the number of square terms 
in the molecule's energy function which are concerned in activation, f is, on 
certain hypotheses, equal to one less than the number of degrees of freedom* 
If then Q be the apparent energy of activation, E = Q + /RT. Hence from 
Williams* data on the apparent critical increment, and its decrease with 
temperature, we find / == 131, E = 77,000. These values are very imcertain, 
but agree well with Moelwyn-Hughes’ figures of / = 121, E — 84,000 for the 
hydrolysis of starch by malt amylase, for which much more reliable data exist. 
In any case the precise value of / makes little difference to our final result, 

2 Q 2 
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With the above figures Q = 6680 at 0° C. and B/K — 42*9, whence the mean 
life of an active molecule is 1»24 X 10“''^ second.* 

A figure of this order is more plausible^ than the lower one, because on the 
modem theory of chemical reactions we expect a reaction with a large value of 
B, f.e., a short-lived active molectlle, to have a high critical increment, and this 
involves a large number of degrees of freedom being concerned in the reaction, 
if the apparent critical increment be small. The mean life of 10^" second is 
unique in being derived from purely chemical data, and does not involve any 
hypothesis as to collisions. All the comparable figures known to me are derived 
from spectroscopic data, and refer to the mean “ lives of activati^d atoms or 
molecules which are ended by radiation. These “ lives ” range from 6 X lO'"® 
second for Ca"^ atoms in the P state (Milne), to 2*1 X 10“"^ second for a trans- 
formation of the Cs atom (Tolman). These figures are taken from Diishman’s 
article in Taylor’s “ Treatise on Physical Chemistry ” (1931). The agreement 
is rather striking, considering that catalase is a colloid. 

One chemical action is available with which the break-down of catalase — 
HjOg may be compared, namely the break-down of oxyhcemoglobin, studied by 
Hartridge and Roughton (1923). The molecules concerned are similar, though 
the porphyrin-bound iron appears to be bivalent in heemoglobin, but trivalent 
in catalase. They found a unimolecular velocity constant of about 70 in 
moderately acid solutions at 16® C., the corresponding figure for catalase'* 
hydrogen peroxide being about 2-7 X 10®. On the other hand they found 
the surprisingly large Qjq of 3 • 8, cornjsponding to Q = 22,000. So Q/RT—38 *6. 
Hence the proportion of excited molecules on Arrhenius’ theory would be 
and the mean life of an excited molecule 3 X 10“^® second, an impossible 
figure. However, Hartridge and Roughton’s data only extend over 20® C., 
and could be fitted to Fowler and Rideal’s formula about as well as to 
Arrhenius’. Taking / = 131, a reasonable assumption in view of the similarity 
of haemoglobin and catalase, E = 65,000, and B/K = 3243, giving a mean life 
of 4*0 X 10“® second for the excited oxyheemoglobin molecule, a value of the 
expected order. The number of degrees of freedom concerned is therefore 
possibly of the order of 131 , and probably at least 60. 

At about 80®-90® C., on this view, oxyhasmoglobin would dissociate about as 
rapidly as catalase-hydrogen peroxide, with a low temperature coefficient. The 
hydrolytic enzymes (like catalase) all have low temperature coefficients, the 
apparent critical increments falling rapidly with temperature, and low affinities 

♦ This figure refers only to the break-down into catalase, HgO, and 0. As some molecules 
break-down into catalase and peroxide, the mean life, allowing for this, is shorter. 
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for their subgtratefl. This is intelligible if the values of E and / are both high, 
a natural assumption in the case of such complex molecules. But their intense 
reactivity probably depends on the fact that / is so large that an appreciable 
fraction of all the enzyme-substrate compound molecules is active. On the 
other hand, many oxidising enzymes have an equally low temperature coefficient, 
which does not fall off greatly with temperature, as pointed out by 
Haldane (1930, j). 66). Here / must be relatively small. But they generally 
have a high affinity for their substrate, and this may be associated with a 
high heat of reaction, whereas in the case of the only hydrolytic enzyme 
examined, the corresponding heat is low. This heat of reaction may take 
the place of the extra degrees of freedom in activating the substrate. 

We must now consider the behaviour of catalase from the standpoint of 
collision. There are much more than enough collisions with H 2 O 2 to keep up 
the supply of active molecules. With regard to peroxide we have three reactions, 
writing E for the enzyme molecule : — 

1 . E + HjOj E . H 2 O 21 velocity (c — p) cr, 

2. E . H 2 O 2 E + H 2 O 2 , velocity k^jpy 

3. E . H 2 O 2 E + H 2 O 2 + 0, velocity 

where x is the concentration of H 2 O 2 , e that of total catalase, p that of combined 
catalase. Then, as pointed out by Briggs and Haldane (1923), 

At 0° C. i's =: 1*9 X 10’’, and (ij + lc^)jki K = 0"025 M. We can at 
once obtain a minimum value for k^, and hence for the number of effective 
collisions per second. In O-Ol M. solution at 0° C., 6*42 x 10* H 2 O 2 molecules 
are destroyed per enzyme moleoxile per second. But since K==0'026, 
as = O'Ol, a:/{x -J- k) or 2/7 of the enzyme molecules are combined, so 2/7 of all 
collisions between peroxide and catalase find the catalase molecule occupied. 
Thus the number of collisions between HjOj and unoccupied catalase which 
lead to reaction is 1-4 X 6-42 X 10*, or 7-6 x 10*. But the probability that 
an enzyme-substrate molecule should react to give oS oxygen is k^jik^ + k^, 
so the actual number of collisions leading to combination is 7-6x10* 
II + (Jfc#8)]. and Is, - 7-6 X 10* [1 4- {kMl 

We have no data for the estimation of k^fk^. Haldane (1930, p. 81) 
showed that in the case of prunase it must be large. But in that of catalase 
if jkj wer® much larger than ifej, say over 100 times, we should be led to a value 
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of less than 10~* second for the mean life of an enzyme-peroxide molecule, 
which is improbably small. Hence k^jk^ may be small, and probably does 
not exceed 100. ‘ 

fZsr JctJc €53? ♦ • ♦ 

In dilute solutions — in strong solutions it equals k-^e. As * 

(U A?2 • ^3 

Williams found that the temperature coefficient was nearly independent of 
the peroxide concentration, this means that kikj(k 2 + k^) has the same 
temperature coefficient as ig, i.c., that hjik^ + k^) is independent of tempera- 
ture. This can be most e€W3ily explained if k^ is somewhat larger than Ag, and 
has the same temperature coefficient as ij. 

We can compare the union of catalase and peroxide with that of haemoglobin 
and oxygen, studied by Hartridgc and Kot^^hton (1925). They give the constant 
ki of the reaction Hb + Og — HbOg as 2070, IU45 and 6150, for three different 
blood samples. As, liowever, they reckoned conxientrations in millimols per 
litre, the values of the velocity constant in ordinary units would lie between 
2 X 10* and 6* 15 x 10*. This is clearly of the same order as the value some- 
what exceeding 7*6 X 10* found for catalase. Putting the matter in another 
way, 2 to 6 X 10* molecules of Og unite with one of reduced hsemoglobin per 
second in 0*01 M. Og solution, as compared with > 7*6 X 10* for catalase. 
The true value for catalase is perhaps somewhat larger than 10*, but considering 
the great difference between haemoglobins even from animals of the same 
species, we should not expect complete agreement. Hortridge and Roughton 
foimd that the rate of combination was independent of temperature, which 
presumably means that every Og molecule striking the hasmoglobin molecule 
on a certain small area with a certain orientation unites with it, regardless of 
its energy. However the slower reaction Hb + CO Hb CO has a of 
about 2. 

In view of the similarity between Og and HgOg on the one hand, catalase 
and hflsmoglobin on the other, we should expect the geometrical conditions 
for combination to be much the same in the two cases. Hence if for catalase 
had even a moderate temperature coefficient, i.c., only a few of the collisions 
satisfying a certain geometrical condition led to combination, we should expect 
it to be smaller than the same coefficient for haemoglobin, whereas it is larger. 
Hence has probably at most a small temperature coefficient, and possibly 
none. If so must exceed k^, but be independent of temperature. In this 
case the heat of reaction of catalase and hydrogen peroxide, like that of 
saocharase and sucrose (Euler and Laurin (1920) ) is very small. 

Any attempt to apply the kinetic theory is inevitably, speculative. The 
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number of coUiaions in a liquid is equal to the niunber calculated from gas 
theory multiplied by a factor which is probably greater than unity, but whose 
value is very uncertain. Jowett (1929) estimates it at 10 to 14 in aqueous 
solutions, and ascribes to it a negative temperature coelBcient, which, even 
allowing for the T* term in the collision rate, gives a Qjq of about 0-9 for 
the collision rate at ordinary temperatures. We can obtain a rough idea of 
the efficiency of collisions as follows. We calculate the number of times that 
a molecule of H 2 O 2 or O 2 in O’Ol M. solution collides with a given point on the 
enzyme surface, i.c., in which the centre of the colliding molecule strikes the 
enzyme within a circle of radius equal to its own. Tlie diameter of an oxygen 
molecule is about 2*71 X 10”“® cm., according to Sutherland ( 1910), so this area 
is 6 • 77 X 10 “ cm.2. The root mean square velocity u of O 2 at 0® C. is 4 • 61 X 
10* cm. /sec. Hence the fraction of a gram-molecule striking this area per 
second in a 0-01 M. solution, as calculated from the gas laws, would be 
10“® X 3/13 X 4-61 X 10* X 5*77 X 10 *«, or 5-9 X lO-i’. This is equi- 
valent to 3*6 X 10’ molecules, corresponding to A-j = 3-6 X 10^. The figure 
is almost the same for H 2 O 2 . The velocity of the enzyme or haemoglobin can 
be neglected, as it is a colloid. (The figure lO""* in the above product is the 
fraction of a gram-molecule per cubic centimetre.) In a liquid the correspond- 
ing figure in 0-01 M. solution perhaps lies between 10^ and W, whereas the 
number of effective collisions lies between It)* and 10® per second. Hence the 
geometrical conditions for an effective collision must be rather stringent. This 
is perhaps dtio to the fact that the Fe atoms in haemoglobin and catalase are 
each co-ordinated with four heterocyclic ring N atoms. If, however, oxygenase 
is a similar compound this cannot be the main reason, since, as will be seen later, 
oxygenase has a ky much larger than the above figure. 

Hennichs (1926) found that 1 gm. of liver decomposed H202at a rate given 
by Jfc »= 20. Hence it must have contained 0 • 008 mg. Fe in catalase. This is a 
very large amount, but it must be remembered that catalase has a low apparent 
affinity for its substrate, and as the HgOo concentration in living cells is cer- 
tainly small, must work at 0*1 per cent, or even less of its maxinium possible 
velocity. Most enzymes are probably much more nearly saturated with their 
substrate. 

It is important to realise that the figures obtained above for catalase are 
not by any means typical for enzymes, partly because the temperature 
coefficient of catalase action is very low, i.e., an unusually large proportion of 
its molecules are active at any moment. For example, Warburg and Kubo* 
witz (19^), measuring the CO uptake of a yeast suspension, found a con- 



566 


J. B. S. Haldane. 


oentration of < 4 x 10 “’ gm. Fe oombined in Atmungsferment (oxygenase) pw 
gram dry weight, i.e., < 7 x 10~® gram-molecule of oxygenase. As this yeast 
had an oxygen uptake per gram dry weight of 60 c.cm. Og per hour, 1 gram- 
molecule of oxygenase activates >115 gram-molecules of oxygen per second, 
i.e., kg > 116. This figure resembles that for haemoglobin, and the reaction 
concerned probably has a of slightly over 2 . Now K, the apparent dis- 
sociation constant of the oxygenase-oxygen compound, was found by 
Warburg (1927) ^to be < 6 X lO""*. Tlierefore (A-j -f k^)/ki < 5 X 10“*. So 
ifci> 2 X 10’ X 116 = 2-3 X W. 

If, as Warburg and Kubowitz (1929) found in the case of Mioroeoocus 
oandicans, (kg 4- ^s)/^ < 10"®, we should have > 10 “. If we allowed a hit 
of the oxygen molecule over an area 3 or 4 times as large as considered above, 
such a value would be just possible on the gas theory. But if, as seems 
probable, oxygenase is an iron-porphyrin compound, the iron atom is probably 
well screened. In this case the collision number in liquids must be 
substantially greater than that in gases. The study of enzymes certainly 
offers us the possibility of investigating this question. Unpublished work of 
my colleague Mr. Mann on peroxidase suggests that the collisions in liquids 
are several hundred times more frequent than they would be if the gas laws 
held good. 

Yeast saccharase was found by Euler and Eric.ssou (1922) to have a molecular 
weight of about 1 - 4 times that of egg albumin, i.e., about 50,000. Its apparent 
critical increment is 38,400 — 60 KT according to the data of Euler and 
Laurin. Thus at 16° C., according to the Fowler-Bideal-Hinshelwood formula, 
one molecule in 146 is active. One gram of purified saccharase at this tempera- 
ture can hydrolyse 6 grams of sucrose per second, according to Willstatter, 
Schneider and Wentzel (1926). Hence if 1 /c be the purity of their preparation, 
1 molecule of saccharase can hydrolyse about 900 c sucrose molecules per 
second, i.e., k^ = 900 c, and since (kg -j- kg)/kg = 0*026 on an average, 

> 3*6 X 10* c. In this case kg is much larger than kg, so k^ is probably of 
the order of 10® at least. The mean life of an active molecule is < 1 /(146 X 900c), 
or 7 * 6/0 X 10"® second. These values are, of course, only approximate, but 
it is satisfactory to find a mean life and collision rate of the same order as for 
catalase. The life would be longer if there were several active centres per 
enzyme molecule. 

Although enzymes in the cell are in general acting neither at their optimal 
temperature, pa, nor substrate concentration, it would seem from the 
above examples that an enzyme molecule must commonly tranirform 100 
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or more substrate molecules per second. As a very active cell, such as baker’s 
yeast, metabolises about 10 of a gram-molecule of Og per gram dry weight 
per second, we can get some idea of the possible complexity of the trans- 
formation undergone in it. If 5 per cent, of the dry weight of the cell consists 
of enzymes of an average molecular weight of 60,000, then 1 gram dry weight 
contains 10^® gram-molecule of such enzymes, and less than 1 per cent, of this 
would be required for any particular process, e.y., the activation of Og. In 
other words the average atom, on its metabolic path through the cell, may be 
dealt with by more than 100 catalysts in succession. 

Summary, 

Zeile and Hellstrom s data show that a molecule of catalase at 0"^ C. catalyses 
the destruction of about 2 X 1(K* HgOg molecules per second. The mean life 
of an active catalase-hydrogen peroxide molecule is about 10~^ second. The 
velocity constant for the union of catalase and hydrogen peroxide exceeds 
7 X 10®. These values are compared with similar data relating to other 
enzymes and to hssmoglobiu, 
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The Chemistry of Irradiated ErgosierolJ^ 

By A. WiNDAXJS (Gottingen). 

(Communicated by H. H. Dale, Sec. R.S. — Received July 1, 1931.) 

At the invitation of the Secretary of the Royal Society, 1 present to you an 
account of my work on the chemistry of irradiated ergosterol. 

Since it became known that ergosterol, on irradiation with ultra-\dolet 
rays, is converted into an antirachitic substance of high activity, presumably 
identical with the vitamin D of cod-liver oil, the study of the most favourable 
conditions for the course of this photochemical process has continued, together 
with attempts to prepare the active substance in pure crystalline condition, 
and to obtain knowledge of its physical and chemical properties. 

But, so long as success in this purification had not been attained, the 
investigations had to bo carried out with the cnide irradiation product, the 
vitamin content of which was imknown ; and in order to evaluate the results 
satisfactorily, use had to 1)0 made almost always of protracted physiological 
experiments. The information which it was possible to obtain in this way^ 
concerning the nature and behaviour of the vitamin, may first l>e summarised, 
attention being called to those points which could not be elucidated without 
isolating the pure vitamin in crystalline form. 

Irradiation. 

May I make, m the first place, some remarks on the process of irradiation. 
In this process, no state of equilibrium is attained between ergosterol and its 
irradiation products, such as is reached between trans- and cis-cinnamic acid, 
for example. If the irradiation is continued for a sufficiently long time, the 
ergosterol disappears completely ; but the highly active antirachitic material 
(the vitamin D), first formed, is only an intermediate product of the chemical 
transformation of ergosterol, and is itself sensitive to irradiation with ultra- 
violet rays ; it is gradually converted into inactive, over-irradiated products, 
of which* two have been obtained in crystalline form. These two products of 
over-irradiation are end-products of the chemical transformation, and neither 

♦ This communication was presented by Professor Windaus as a oontribution to the 
discussion on “ Recent advances in the chemistry of the vitamins/* held at the Eoyal 
Society on June 18, 1931. 
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can be converted into the other ; both must, therefore, be independently 
formed, and not the one from the other. Hence it follows, that in some phase 
of the reaction a separation into two photochemical series must occur. This 
fact is important. Thus, Reerink and van Wijk have found that, when ergo- 
sterol is activated with long-wave light and the unchanged ergosterol is removed, 
the reaction product always has exactly the same absorption-spectnun, no 
matter whether 10, 20, 30, 40 or 50 per cent., but not more, of the ergosterol 
has been transformed. The Dutch workers consequently conclude, that the 
substance possessing this spectrum is the pure vitamin D. It appears equally 
possible, however, that during the .ultra-violet irradiation of ergosterol several 
substances are formed simultaneously, always in the same proportion, and 
that the spectrum measured by Reerink and van Wijk is that of the mixture, 
having a constant composition. 


Physical Pro]}erties. 

Turning now to the active irradiation product itself : in its physical pro- 
perties it differs widely from ergosterol ; yet, imtil the pure, crystalline vitamin 
D has been isolated, it is especially difficult to deduce the physical properties 
of the vitamin from those of the amorphous irradiation product. It is striking 
to observe, how much lower the melting point, and how much greater the 
solubility, of the crude irradiation product are than those of ergosterf>l. 

The change in optical rotation, which occurs during irradiation, is character- 
istic. Ergastcrol, which has a strong Iwvo-rotatiou, is converted into an 
irradiation product which is feebly dextro-rotatory. Moreover, the rotation 
is very dei)ende|it on the wave-length of the ultra-violet rays used in the 
irradiation, being the more positive the longer the wave-length used. 

As far as the uUra-violet spectrum is concerned, the following is the state of 
affairs. During irradiation the absorption spectrum of ergosterol undergoes 
a series of complicated changes, and finally the portion above 240 mp, is 
almost completely eliminated, and, in parallel with this elimination, the 
physiologicsal action disappears. According to the type and duration of the 
irradiation, characteristic bands at 248 mp, at 280 mp and at 265-270 mp, 
appear at intermediate stages. 

Whereas it was originally supposed that the characteristic absorption 
maximtun for the vitamin lay at 248 mp or at 280 mp, later investigations 
have made it very probable that the chief absorption band of the vitamin 
is at 296-270 mp. 
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But complete certainty, on this point also, can only be obtained when the 
vitamin is prepared in pure state. 

Chemical Properties, 

(1) Behaviour to Digitonin , — ^Turning now to the chemical properties of the 
vitamin D, it is characteristic that it does not show the typical reaction of 
natural sterols, namely formation of a sparingly soluble addition compound 
with digiUmvn, This behaviour makes possible a quantitative separation of 
the unattacked ergosterol from the products of irradiation, and is therefore of 
practical importance. The significance of this result, however, should be 
accepted with reserve. For, although it is true that sterols and sterol- 
derivatives only give a precipitate with digitonin if their hydroxyl group is 
intact, yet it is not permissible to maintain the converse, and to claim that, if 
a sterol-derivative is not precipitated by digitonin, a change in its hydroxyl 
group must have occurred. 

(2) Hydroxyl Group , — On the contrary, I think that 1 have evidence that 
the vitamin still contains the same hydroxyl group as ergosterol itself. I need 
not rely on the fact that, in the crude irradiation product, just as in ergosterol 
itself, one active hydrogen atom can be detected by the method of Zerewitinoff , 
or that the products of over-irradiation of ergosterol are still monohydric, 
secondary alcohols. To this type of proof objections can be raised, which I 
need not mention here. But the presence of the hydroxyl group in the vitamin 
seems to me to be proved beyond question by the following experiment. If 
the highly active crude irradiation product is carefully treated with phenyl- 
isocyanate, a derivative completely lacking in antirachitic action is formed ; 
but if this derivative is warmed with alcoholic potash, it is reconverted into a 
highly active material.''^ In my opinion, the only conclusion that can be drawn 
from this experiment is, that the vitamin, being a hydroxy-compound, com- 
bines with phenyl-isocyanate to form a physiologically inactive phenyl- 
urethane, and that this can be reconverted by hydrolysis into the original 
vitamin. 

For the assumption that the vitamin contains a keto- or enol-group, there 
seems to me to be as little ground as there is for the view that the vitamin is 
an ept-deiivative of ergosterol, bearing the same relation to it as bomed does 
to iso-bomeol. 

♦ Alternatively, the ergosterol-phenyhurethane may be irradiated with ultra-violet 
light ; in this way the sulistanoe is indeed changed, but acquires no antirachitic activity. 
But, if the irradiation product is hydrolysed, it becomes highly antirachitic. 
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( 3 ) Forfnula, — What, then, is the difference between ergosterol and the 
vitamin i 

It can be shown that the crude irradiation product, freed from ergosterol, 
has the same molecular weight as ergosterol, and also that the active anti- 
rachitic irradiation product — thrice frozen out from acetone at — 80 "^ — gives 
on analysis figures which agree with the formula C27H42O. 

It is therefore probable, but, since the vitamin content of the irradiation 
product is unknown, not absolutely certain, that the vitamin is an isomeride of 
ergosterol. 

( 4 ) Double Bonds, — Moreover, like ergosterol itself the vitamin contains 
several unsaturated linkages. 

Towards sodium and ethylalcohol the vitamin behaves in the same way as 
does ergosterol. We have proved that the crude irradiation product loses its 
antirachitic action when it is treated with sodium and alcohol ; as in the case 
of ergosterol a dihydro-derivative is formed. We have, however, no definite 
evidence that the beautifully crystalline dihydro-derivativo, which we have 
isolated from the reaction mixture, is actually derived from the vitamin, and 
not from another irradiation product. 

With Diels’ reagent for the detection of conjugated double bonds, maleic 
or citraconic anliydride, vitamin D combines only slowly at room temperature ; 
at 80 °, on the other hand, combination is rather rapid ; the course of the 
reaction can be followed physiologically, since the addition compound exhibits 
no antirachitic activity. In view of these facts, there can be no doubt that 
vitamin D contains a system of conjugated double bonds, or that, in this 
respect, it is very similar to ergosterol. 

Further wo have found that the crude irradiation product, on titration with 
perbenzoic acid, consmnes, like ergosterol itself, three atoms of oxygen ; and 
also, that the crystallised over-irradiation products are trebly unsaturated 
mono-hydric alcoIioLs of the formula C27H42O. Therefore it is very probable, 
although on the evidence just given not absolutely certain, that the vitamin 
contains three double bonds, as does ergosterol itself. 

(6) Stability.— Tho question whether vitamin D can be preserved unchanged 
in the absence of air, and at low temperatures, has been much discussed. 
Several investigators have agreed in stating that solutions of vitamin D in 
oil have been kept with imchanged activity for many months. On the other 
hand, Auhagen and myself have proved that, as far as the crude irradiation 
products are cmioemed, changes take place in their spectrum and rotation^ 
even when air is very carefully excluded. But, with this rapid change in 
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spectrum and absolution, there is no corresponding decrease in physiological 
activity ; and hence we have concluded, that the substanoe which changes 
thus with age is not the vitaunin. 

On the other hand, the vitamin is much more sensitive to the action of high 
temperature than is ergosterol.. Whereas the latter can be heated in vacuo 
at 180° without undergoing real decomposition, irradiation products lose their 
antirachitic activity, when heated for 4 hours at this temperature. Daring 
this change a new characteristic band, between 280-290 mg., appears in the 
spectrum of the crude irradiation product. It seems to me very probable, 
although it is not strictly proved, that this band is due to the decomposition 
of vitamin D. 

Towards oxygen also the vitamin is less sensitive than was at first supposed. 
Although the crude irradiation product, when shaken for a few hours with 
oxygen, absorbs one mol of the gas, the antirachitic action is hardly altered 
in this time, and it requires several days’ shaking with oxygen to destroy most 
of the vitamin D, even in amounts of a few grams. Consequently, it seems that 
the substance in the irradiation product, which is readily attacked by oxygen, 
is not the vitamin itself. 

Toxiciiy. 

The fact that the therapeutically valuable irradiation product oan also exert 
a toxic action in very large doses, and that this toxicity shows itself in the 
experimental animals not only in loss of weight, but also, and in partioular, 
in hyper-calcification in various organs, has excited special interest, above all 
in Germany. Since the crude irradiation product is doubtless a mixture, the 
question has been discussed as to whether the antirachitic and the toxic actions 
of the irradiation mixture are caused by the same, or by two different sub- 
stapces. The fact that, in* irradiated preparations, the antirachitic and the 
toxic actions run parallel to each other, supports the view that both are caused 
by the same substanoe. Yet observations have also been made, which seem 
to indicate that the antirachitio and toxic substances are different. 

CryttaUised Vitamin. 

In spite of many experiments on the crude irradiation product, we have not 
been able to solve this question concerning the source of its toxicity, and have 
been, consequently, continuously spurred on to attempts to obtain the vitamin 
itself in the pure, crystalline state. Such attempts did not seem to us com- 
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pletely hopeless ; for in vacuum tubea> in which we had sealed active irradiation 
products, cr 3 rstal 8 had repeatedly separated. Our attempts to purify these 
small amounts, however, had failed. We then attempted systematically, by 
physical and chemical methods, to separate our irradiation products into 
individual constituents. 

The physical methods of separation, which we tried, were fractional precipita- 
tion of the irradiation products from 10 per cent, acetone solutions at —80®, 
and distribution of the irradiated product between petrol and methylalcohol 
Both methods failed. For the chemical separation wc made use of the different 
reactivity of the irradiation products to maleic or citraconic anhydride. 
Irrstdiation products free from orgosterol, and containing small amounts of 
over-irradiation products or none at all, were allowed to react at room tempera- 
ture in ethereal solution with maleic anhydride; then, after 3 days, the portions 
wliich had reacted with the anhydride were removed with dilute potash, and 
the remaining solution was investigated. The result was that, when the 
portion which readily combined with maleic anhydride was removed, a product 
(60 per cent.) remained, which cryTstallised when the solvent was evaporated, 
and could easily be recrystallised from various solvents. The yield of crystal- 
lisinl material is good ; it amounted to over 50 per cent., calculated on the 
portion which had not reacted with maleic anliydride. 

The crystals are long well-formed needles. Their specific rotation for 
= + 138® (0*8 per cent, solution in acetone), and + 169® for 
They melt sharply at 122-123®. Their spectrum shows a band of main absorp- 
tion at 266-270 mjx, the absorption coefficient of a 0*02 per cent, etherical 
solution being 1-44. 

Analyses and determinations of molecular weight show that the new product 
is certainly an isomeric of ergosterol. 

The limiting antirachitic dose has been found at 0*03y ; thus the product is 
twice as active as the English standard preparation.* 

It is noteworthy that the properties which we would attribute to vitamin 
D, from the investigation of the crude irradiation product, ^ reproduced 
almost completely by the crystalline material. Only the high positive rotation 
is unexpected. How the material behaves on heating at 180®, or on hydio- 

^ The preparation referred to is the solution of the crude irradiation product of ergosterol, 
issued by the Medical Research Council ; and comparison is made with the activity corre- 
sponding to the weight of ergosterol used in its preparation, 0*03 y of the erystailine 
substance being found equivalent to the amount of standard solution made from 0*06 y 
of ergosterol. 
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genation with sodium and alcohol, has not yet been thoroughly tested. Also 
we cannot yet make any definite statement about its toxicity ; these questions, 
however, will be answered in a few weeks. 

I shall add a few words about the relation of our work to that of the Dutch 
and English workers. Prom ergosterol, by irradiation with long-wave rays, 
Reerink and van Wijk (1929) have prepared an oil, whicdi deposits crystals on 
cooling ; these crystals, however, are said to melt already under 0"^. The oil 
has an ultra-violet spectrum with a maximum at 265 m[x, and in the opinion 
of Reerink and van Wijk is the pure vitamin. The product isolated by these 
two workers is certainly different from ours ; apart from the melting point, 
preparations which we have made according to the directions of the authors 
have a specific rotation for [a]n about + 30®, wHlst our crystallised substance 
has [a] = 138®. Moreover, there are certain differences in the short-wave 
part of the spectrum. 

I believe, that the irradiation product of Reerink and van Wijk contains, 
indeed, a high percentage of our crystalline substance, but that still other 
products of photochemical action, for example, that having the absorption 
band at 248 mfji, are also present. 

The English work to which I will refer is that of Bourdillon (1930) and his 
co-workers. By high-vacuum distillation of the crude irradiation product 
these workers obtained in poor yield (some milligrammes) tuystals, which could 
be recrystallised from dilute alcohol ; the best sample of 1*5 mg. melted at 
113-115®. These crystals had a spectnim with a maximum at 265 mfx and 
a antirachitic action almost twice as great as that of the English standard 
preparation. It is quite possible, that the crystals obtained in so small amount 
by the English workers contain as chief constituent our substance of melting 
point 122-123® ; but we caimot say this with certainty, because we have not 
been able to obtain crystals *by the English procedure and consequently a 
direct comparison was not possible for us.'*' The English workers have raised 
the question of whether the crystalline vitamin isolated by them is the sole 
vitamin D or only one of several vitamins present in the irradiation product. 

♦ Unfortunately 1 only heard of the new and very important experiments of Dr. Bour- 
diUon and his co-workers after my arrival in London and was therefore unable to discuss 
their work. As res iil t of improvements in their distillation method the English investigators 
now obtain a 20 per cent, yield of crystals ; those melt at 123-126® and have approxi* 
mately the same spectrum and the same antirachitic action as ours (Angus and others, 
1U30). NeverthelesH the two crystallised substanoes cannot be identical, for we find even 
after 10 reorystallisatiotis a rotation of 160®, while Bourdillon and his oo- 

workers give the value of [a] 54 ti*®* — 260® ; this difference cannot be explained by the fact 
that we used acetone as solvent, whilst Bourdillon used alcohol as solvent. 
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They incline to the latter view, and I think it very probable that they are right. 
But I would like to point out, that the vitamin D isolated by us is at least 
responsible for a great part of the antirachitic action in our products. 

In conclusion, an attempt may be made to answer the question : What takes 
place during the irradiation of ergosterol ? 

I believe that, in the photochemical transformation into vitamin D, the 
molecular formula, the alcohol group and the three double bonds, remain 
unchanged, and that all that occurs is a steric or structural re-arrangement 
which leads to an increase in the spatial size of the molecule. 

In over-irradiation, on the other hand, the double bonds which in ergosterol 
and in vitamin D form a conjugated sjrstem, are moved further away from 
each other. As a result, the power to react with maleic anhydride, the property 
of being reduced with sodium and alcohol, and the characteristic spectrum 
disappear. It is easy to understand why the photochemical reaction finally 
leads to sterols without conjugated double bonds, if it is borne in mind that, 
in the absence of oxygen, these sterols are no longer attacked by ultra-violet 
rays of wave-lengths longer than 240 mfx, whereas sterols with conjugated 
double bonds are sensitive to such rays. 
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The Coloritnetric Properties of the SpeUrum. 

By J. Q 01 U), A.R.C.S., F.Inst.P., F.R.A.S., National Physical Laboiatory. 

(Ckmtmumoated by Sir Joseph Petavel, F.R.S. — Received February 19th, 1981) 

Abstract. 

The paper describes an investigation carried out at the National Physical 
Laboratory to determine the colorimetric properties of a group of seven 
subjects as obtained from direct measurements of the trichromatic coefficients 
of the spectrum on a trichromatic colorimeter. The “ spectral distribution 
curves of the primaries,” by means of which the colorimetric quality of a 
heteroohromatic stimulus may be computed from its energy distribution 
curve, are obtained by combining the experimentally determined trichro- 
matic coefficients with the International Standard vimbility curve. This 
procedure is a simplification, applicable to the mean results of a normal group, 
of a general method by which the chromatic and luminosity functions of any 
subject or group of subjects can be determined from one set of observations. 
The general method is described in an Appendix. 

The results of the investigation are compared with those obtained by othw 
workers, and a proposal is made for the adoption of a set of standard data, 
to represent a normal eye for technical colorimetric purposes, based on the 
results of this investigation and those recently published by W. D. Wright. 
A complete set of data, worked out on this basis, is included in the paper. 

(The full paper is printed in ‘ Philosophical Transactions,’ A, No. 686, 
which will form pp. 149-187 of vol. 230.) 
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THOMAS BARLOW WOOD— I8e»-im 

Foa two and twenty years T. B^'Wood ocscupied the CSuiix of AgiionRoie at 
Cambridge. He brought to that oiiico quaMcations which 
exceptional. 

A department of agriculture in a University must, to justify its aoademie 
status, be permeated with the spirit of research. More, however, than mbst 
University departments it must deal with practical problems uid minister to 
practical needs ; while in its teaching theory and practice must be nicely 
balanced. To exert due influence on {^cultural progress in its own district 
its staff mnst, in an advisory capacity, understand the mentality of the practical 
farmer and meet with sympathy his sometimes prejudiced views. Fimdly, 
if it is to attain to national importance it must, more than other scientific 
departments, l»e in touch with administrators, and retain the confidence of 
Government officials. To control, guide, and represent a school with such 
diverse activities calls for qualifications seldom combined in an individual, 
but in a quite remarkable fashion Wood united them all. His training. Ids 
experience, his talents and his ta.sto8 were all such as to fit him ideally for the 
position lie held, and under him an active school of agriculture grew up at 
Cambridge, which has .served the country well, and of which the Univerrity 
has good reason to be proud. 

Wood came of farming stock and throughout his professorial life remained an 
active farmer, successfully running his Norfolk farm on practical business lines. 

He was bom in 1869, being the son of £. D. Wood of Field Balling, Holt, 
Norfolk. Educated at the Newcastle High School, Staffordshire, he pro- 
ceeded to Gonville and Caius College, and in 1889 obtained a first class in tha 
Natural Sciences Tripos. In 1908 he was elected to a Fellowship of his 
College. 

In the early nineties national funds became available for technical education, , 
and there was a call f(nr teachers of agriculture and agricultural science. Wood 
was at that time appointed teacher for the County Councils of Norfolk and 
Devon. He was then for a time science master at the Norf<fik County Soho(d, 
Holding such posts he early acquired an experience m teachings which, added 
to a natural gift for dear exposition, later on made professorial lecturing easy 
for himself and hi^y profitable to his audiences. .. ■ 

When a School of Agrioulture for the Eastern Counties was founded 
Cambridge, Wood mtunied to the University and hecame secretary to ihe 
School. Later he was made Reader in Agricultural Chemistry and held that 
pod^ tiU, in 1907, he succeeded to<tiie Chair which eight years earlier had 
bed) endowed by the Drapera’ Company. 

Much of Wood’s earlier msearoh work was done in the laboratory, and in the 
middle nineties he publidted, alone or conjointiyt several papers of chemical 
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interest of which the most interesting, perhaps, were those (with Spivey and 
Basterfield) upon the chemical constituents of Indian hemp. The isolation and 
properties of the essential active principle, Cannabinol (O^^^H^Og), were first 
described in these papers. 

Wood's interest, however, early turned to the problems of animal nutrition, 
and these remained always his chief concern as an investigator. He early 
took a leading part, for instance, in co-operative experiments dealing especially 
with the winter feeding of bullocks. These were carried out in various Norfolk 
farms, and were such as to engage the Bjinpathy and help of practical farmers 
in the district. Other practical questions engaged his attention, however, 
in the days before he becaipe professor. He contributed to the study of 
Mendelian inheritance in domestic animals by crossing Dorset Horn and 
Suffolk sheep, and his study of the resulting F2 progeny provided valuable 
information concerning the inheritance of horns and face colour. He was awake 
to the importance of the statistical treatment of agricultural data, and, in 
conjunction with Stratton, he published a paper on the growth of mangolds, 
which was one of the earliest studies of the experimental error involved in field 
trials. He also applied statistical methods with significant results to a mass 
of anal 3 diical data dealing with the composition of root crops. Just before he 
was elected to the Chair he had been engaged upon a practical problem of a 
different kind ; one of great importance to the milling and bread-making 
industries. As is well known, the production of a well-formed, marketable 
loaf of wheaten bread demands of the flour used that it should be adequate 
in what has long been known as strength." A satisfactory definition of this 
quality and a method for measuring it were lacking ; ordinary chemical analysis 
having failed to yield adequate clues. Wood was conversant wih current 
developments in the physical chemistry of colloids, and by applying this 
knowledge he was able to throw considerable light on the problem. He 
described, moreover, a method for the determination of “ strength," which 
can be carried out in a single grain of wheat. In his papers on the subject he 
made it clear that two factors determine the size and shape of a loaf, namely, 
the gas-making power of the flour and the elasticity of the glutin, and he defined 
certain of the factors which control these variables. 

When he succeeded to the Chair the School of Agriculture, under the influence 
of his stimulating personality, rapidly grew in numbers and activity, but its 
financial resources were not equal to the larger enterprises of agricultural 
research. Two years later, however, in 1909, the Development Commission 
was set up, and ultimately under its auspices two primary research institutes 
were placed at Cambridge — one, for Animal Nutrition under Wood, and 
another, for Plant Breeding under Bifiim Chezmoal work upon foodstuffs, 
digestibility experiments, and the like, were actively pursued in the former and 
extensive feeding experiments on a large scale were planned. Before these last 
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were serioualy begun the war intervened and made them impossible. After the 
war Wood became convinced of the importance of applying calorimetry to 
farm animals on modem lines, and, with the valuable assistance of J. W. 
Capstick, of Trinity College, an efficient calorimeter was constructed in the 
School of Agriculture. The earliest work done with this instrument com- 
prised a study of the energy expenditure of the pig during successive stages 
of its growth. Results were obtained which possess both practical and 
theoretical interest. At this time Wood endeavoured to find a method for 
computing rations for all classes of farm animals on the basis of (a) a mainten- 
ance-ration related to the animars live-weight, plus (b) a production-ration 
estimated in accordance with the amount and kind of product — such as meat, 
milk, or work — which the animal is meant to produce. He expressed these 
re<iuirement8 in the form of a general equation : 

R = Am -f ffc, 

where R is the energy of the ration, A the surface area of the animal, m its 
maintenance requirements per unit surface area, g its gain in live-weight and 
c the energy stored in unit live-weight increase. If m and c are known this 
equation makes it possible to compute the ration required to produce any 
desired rate of live-weight. But Wood pointed out that the same equation 
may be used to solve other problems. Suppose, for instance, that R is known 
but m and c unknown. Then if we have two equations, which can be solved 
as ordinary simultaneous equations, it is possible to find the values of 
m and c. Such simultaneous equations, however, have value only when based 
upon numerous data obtained under circumstances as varied as possible. It 
would take too long to explain the final development of this method, which was 
successfully tested in practice. It involved no new principles, but it enabled 
the problems of rationing to be very clearly visualised, and it is mentioned here 
as illustrating the trend of Wood’s endeavours in his latest years. Among 
other problems wliich were interesting him towards the end was a study, ably 
carried out by H. W, Woodman, but inspired by himself, of the nutritional 
values of pasture. Almost his last work, published with W. 8. Mansfield, "dealt 
with the maintenance and production requirement of ewes and lambs ; this 
involved a research quite exceptional in its thoroughness and accuracy. 

Wood’s services during the war were conspicuous. On the Pood Council, 
on the Interallied Food Commission, on the Royal Society Pood Committee, 
and on other bodies dealing with the national food supply, his wide practical 
knowledge proved invaluable, and scarcely less valuable at such a time was the 
che^ optimism which characterised his outlobE 
In hiB Omveridty won tulmi^ and affection from 

ooUeagues and jmp^ alike. He was always accessible, and when consulted 
never spared time or ^uble in affording help. To his intimates he was a 
elm^rming c<mApatfioh displayis^^^^^^^^^w^^ sympathies, and an 

brand of humour which was entirely his o^. F. Q. H. 




V 


INDEX TO VOL. CVIIL (B) 


Adler (S.) and Theodor (0.) InvestigationB on Mediterranean Kala Aaar, 1-V, 447« 
Alpha-quinoline methiodide (Oohen and others), 130. 

Ampliibian eolour change, endocrine co-ordination (Hogben and Slome), 10. 

Angus (T. C.), Askew (F. A.), BourdiUon (R. B.), Bruce (H. M.), Callow (R. K.), Fisoh- 
maim (C.), Philpot (J. St. L.) and Webster (T. A.) A Crystalline Antiraebitio 
Substance, 340, 

Askew (F. A,) See Angus and others. 

Attwood (A. P.) See Gray and others. 

Bainbridge (H. W.) See Gray and others. 

Barker (J.) See Hanes and Barker. 

BourdiUon (R. B.) See Angus and others. 

Brains in oyprinoids, comparative study (Evans), 233. 

Briggs (G. E.) and Petrie (A, H. K.) Respiration as a Factor in the Ionic Equilibria 
between Plant Tissues and External Solutions, 317. 

Browning (C, H.), Cohen (J. B.), Ellingworth (S.) and Gulbransen (R.) The Antiseptic 
and IVypanooida] Action of certain Styryl and Anil Bensthiasole Derivatives, 119, 
Bruce (H. M.) See Angus and others. 

CaUow (R. K.) See Angus and othma. 

Carletoa (H. M.) Studies on Epithelial Phagocytosis, I, I. 

CatteU (McK.), Fong (T. P,), Hartree (W,), HiU (A. V.) and Parkinson (J. U) Recovery 
Heat in Muscular Contraction without Lactic Acid Formation, 279. 

Cohen (J, B.), Cooper (K. E.) and ManihaU (P. G.) Some Aliphatic and Aromatic Amino 
Borivatives of a-Quinoline Methiodide, 130. 

Oohen ( J, B.) See also Browning and others. 

Colorimetrlo properties of the apeotrum (Guild), 576. 

Oombination oorvas (Prideaux), 224, 

Cooper (EL E,) See Cohen and others. 

Oumeal grafts, retom of sensitiveness (Thomas), 301. 

OrystallJiie antirachitic substance (Angus and others), 340. 

Ootler (D« W.) and Mukeiji (B« K.) Nitrite Formation by Soil Bacteria, other tiian 
Nttrosomonas, 384. 

Cyanide, physiological action (Hanes and Barker), 95. , 

Cypritmids, comparative study of brains (Evans), 233. 

Dentine, peripheral iniury (Fish), 196. 

Dental po^, motion to peripheral uvjury of dentine (Fish), 190. 

Diddnson (4) Experiments on the Physiology and Genetics of the Smut Fungi. Cultural 

Ohaiaotf^ 

Elliogworth (S.) ^ 

fihidoos4im oo^ordination in amphiUan ookfor (Uiange (Hogben and 1^ 

Euf^yine aotio^ 

VOL. CTO ^ 



Vi 

Ergostetol, irradiated, chemistry (Windaus), 668. 

Eiythema produced by ultra-violet radiation (Waller), 268, 264. 

Evans (H. M.) A Oomparativo Study of the Brains in British Oyprinoids in Relation 
to their Habits of Feeding, with special reference to the Anatomy of the Medulla 
Oblongata, 233, 

Feng (T. F.) The Heat-tension Ratio in Prolonge<l Tetanic Contractions, 522, 

Feng (T. P.) See also Oattell and others. 

Fischmann (C.) See Angus and others. 

Fish (E. W.) The Reaction of the Dental Pulp to Peripheral Injury of the Dentine, 196. 
Fox (H. M.) and Ramage (H.) A Speotrographio Analysis of Animal Tissues, 167, 

Graham (A.) On the Optimum Hydrogen Ion Conoeutration and Temperature of the 
Style Enzyme of Pecten maximus, 84. 

Gray (W. H,), Trevan (J. W.), Bainbridgo (H. W.) and Attwood (A. P.) The Ureides of 
p-Aminophenylstibinic Acid, 64. 

Growth and inhibition, experiments (Snow), 209, 305. 

Guild (J.) The Colorimetric Properties of the Spectrum (Abstract), 676. 

Gulbransen (R.) See Browning and others. 

Haldane ( J. B. S.) The Molecular Statistics of an Enzyme Action, 559. 

Hamster, Chinese, oestrous cycle (Parkes), 138. 

Hanes (0. S.) and Barker (J.) The Physiological Action of Cyanide, 1, 95. 

Hartree (W.) See Catteil and others. 

Hill (A. V.) and Parkinson (J. L.) Heat and Osmotio Change in Muscular Contraction 
without Lactic Acid Formation, 148. 

Hill (A. y.) See also Catteil and others. 

Kindle (E.) The Development of Various Strains of Lelshmania in Chinese Sandflies, 366* 
Hogben (L.) and Slome (D.) The Pigmentary Effector System, VI, 10. 

Hydrogen ion concentration of style enzyme of Pecten maximus (Graham), 84. 

Kala Azar, Mediterranean investigations (Adler and l^eodor), 447. 

Keeble (Sir Frederick), Nelson (M, G.) and Show ^R.) The Integratkm of Plant 
Behaviour, m, IV, 360, 537. 

Kreps (£.) The Breakdown and Resynthesis of Fhosphagen in Frozen and Hiawad 
Muscles, 545. 

Lea (0. H.) The Effect of light on the Oxidation of Fats, 175. 

Leishmania, development in Chineae sandflies (Hindle), 366, 

Ludford (R. J.) The Vital Staining of Normal and MsJignant Cells, IV, 270. 

Marshall (P. G.) See Cohen and others. 

Moffett (A, A.) The Chromosome Constitution of the Pomoidem, 423. 

Moppett (W.) The Reactioh of Uving Tksues to Homegensous I&Radliattoii ftodooed 
/ by Orjlrtial Di& 

J ukerji (B. K.) See Cutto and Mukeiji, 

uBoles, frozen and thawed, bre^down and resynthesis of phosphagsn ML 

Muscles, oxygen uptidm of frozen and thawed (Smith), 553, 

Muscular <Kmtraotion without Laotk (Hfll ai^ 



vii 

Ncdicm (M. Q.) See Keeble md otheni. 

Nitrite fonoetiun by eoil bacteria (Cutler and Mukerji)^ 3S4. 

Obituary notice : — Wood (T. B.), i. 

Oxidation of fate, effect of light (Lea), 175. 

Parkee (A. S.) The Reproductive Prooefleee of Certain Mammabi^ J, ]38. 

Parkineon (J. L,) See Cattell and others. 

Parkinson (J. L.) See also Hill and Parkinson. 

Peoten maximtiH, hydrogen ion concentration (Graham), 84. 

Potrie (A. H. K.) See Briggs and Petrie. 

Phagocytosis, epithelial (Carleton), 1. 

Phelps (H. J.) The Adsorption of Substances by Fuller's Earth (Abstract), 174. 

Philput (J. St. L.) Sec Angus and others. 

Phosphagen, breakdown and resynthesis (Kreps), 545. 

Plant behaviour, integration (Keeble and others), 360, 637, 

Pomoideie, chromosome constitution (MofiFett), 423. 

Potential difference of unfertilised egg of trout (Pumphrey), 511. 

Prideaux (E. B. R.) Tlie Combination Curves, Hydrogen Ion Regulating Power auc 
DiBsociation Constants of Gelatin, 224. 

Pumphrey (R. J.) The Potential Difference Across the Surface Bounding the Unfertilisec 
Egg of the Brown Trout, 511. 

Radium, delayed lethal effect on tissue cultures (Spear), 100. 

Raraage (H.) See Fox and Ramage. 

Reproductive processes of certain mammals (Parkee), 138. 

Respiration as factor in Ionic equilibria (Briggs and Petrie), 317. 

Slome (D.) See Hogben and Slome. 

Smith (E. 0.) The Oxygen Uptake of Frozen and Thawed Musolos, 553. 

Smut fungi, cultural characters (Dickinson), 395. 

Snow (R.) Experiments on Growth and Inhibition, 1, 11, 209, 305. 

Snow (B.) See Keeble and othm. 

Speafcnum ( J. B.) The Micelle Structure of the Wool Fibre (Abstract), 446. 

Spear (F. G.) The Delayed Lethal Effect of Radium on Tissue Cultures in vitro — Com* 
pariaon of Ckmtiauotts and Spaced Radiation, 190. 

Speotrographid analysis of animal tissues (Fox and Ramage), 157. 

Staining of normal and malignant cells (Ludford), 270. 

Styryl benzthiazole derivatives (Browning and others), 119. 

Smating and sweat, further investigation ( Whitehouae), 326, 

Tetanic contractions, heat^tension ratio (Feng), 522. 

Theodor (0.) See Adler and Theodor. 

Thomas ( J. W. T.) On the Return of Sensiriyoness in Oomeal Grafts in Rabbits, 301, 
Trevan (J« W.) SeeOray and others. 

preidss of p^Aminophenylitildnio Arid (Gray Imd otbm 



VUI 


g^aller (M. D.) The Meai^urement of Aotinio Erythema ProdOi^ by Ultn^Vtolet Radia* 
iV tion with, Special Reference to the Latent Time, 258 ; T9ie Relation l^rgy 

Dcnb«b of tjltra-Violet Radiation and Aotinio Erythema Prodnoed» 264, * 

5 Webeter (T^ A.) Bee Angus and otjiens, 

Whitehoiise (A. G. R.) Further Investigation of Sweating and Sweaty 226. 

Windaiia (A.) The Chemistry of Irradiated Ergoetcrol, 668. 

Wood rt. B.) Obituary, i. 

X-radiatioi^reat*t.on of living tissues (Moppett), 60.*1. 


£ND OF THE ONE HONDBED AND EIGHTH VOLUlOi ^(SSItlES B). 






